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Direct Reduction of Vanadium-bearing 
lron Ores in the Manufacture of High- 


grade 


Steels 


Norwegian iron ores containing vanadium and titanium are reduced direct to steel in a 
single-phase electric arc furnace at the Stavanger Electro-Steelworks. The process is briefly 
described in this article, and reference is made to the plant and products of these works. 


HE use of vanadium and titanium in alloy steels is 


well known. Both elements have the advantage of 


deoxidising as well as improving the quality of the 
steel as elements in the composition. As a rule, these 
elements are added to the fluid steel in various forms, 
usually alloyed with iron, but an exception to this method is 
that adopted by the Stavanger Electro-Steelwoks in Norway. 
At these works Norwegian ores are used, which are claimed 
to be the purest iron ores mined in the world ; they contain 
both vanadium and titanium, having a meta! content 
analysis of 63% iron, 2°, titanium, and 0-6% vanadium. 
Considerable research work has been carried out with the 
object of applying these ores to the production of high- 
grade steels, and after much experimental work a furnace 
was designed and built in 1928 for the production of special 
tool steel containing vanadium by reducing these vanadium 
bearing ores direct to steel in a single-phase electric arc 
furnace, and then employing the ‘* Duplex’ process of 
tapping this metal and pouring it into a Heroult furnace 
containing refined steel. 

The special process of reduction developed enables a 
steel to be produced in this furnace which contains approxi- 
mately 0-70°% vanadium, and is claimed to be free from 
nitrogen and silicate inclusions— injurious products obtained 
when making pig iron or semi-pig iron by other processes. 
By adopting the “ Duplex”’ process with the steel thus pro- 
duced, tool steels of all the ranges of carbon contents are 
made, containing approximately 0-20°% vanadium, and 
due to the vanadium and titanium present in the metal 
tapped into the Heroult furnace, a scavenging action 
takes place which gives an exceptionally clean steel. 

The vanadium tool steels have a very close grain struc- 
ture, due to the presence of vanadium and titanium, which 
tend to reduce grain growth and to promote fineness of 
structure. The tool steels produced by this firm contain 
approximately 0-20°% vanadium, and the method adopted 
in their manufacture ensures steels of high purity and 
freedom from inclusions, in addition to fine grain structure 
and extreme toughness, which raise the elastic limit and 
maximum stress, and, at the same time, give greater shock 
and fatigue resistance. These steels show a slightly deeper 
hardening at the usual hardening temperatures, but resist 
the effect of high temperatures much better than ordinary 
carbon steels. At 900°C., for instance, a bar 22 mms. 
diameter will harden only about 1 mm. deeper than the 
normal hardening temperature of, say, 800°C., while a 
plain carbon steel will be nearly hardened through. The 
core of a vanadium tool steel shows a much finer structure, 
while the hardened fracture is more silky. These vanadium 
steels must be hardened about 20°C. higher than plain 
carbon steels of the same carbon content, owing to the 
somewhat higher recalescence point due to vanadium 
carbides being formed. 


Interior of steel foundry. 


The improved properties imparted by vanadium have 
increased the use of vanadium steels for all purposes where 
plain carbon steels, of corresponding carbon contents, have 
previously been used. This element has proved of particular 
value when added to carbon steels for the production of 
dies which have to stand shock and wear, and all steels 
subject to fatigue. It is claimed that the improved effect 
on cutting-edge steels extends their useful life by 20%. 

For structural and engineering purposes vanadium steels 
have a special value, particularly for heavy and irregular 
castings, which cannot be quenched without danger of 
cracking or warping. With suitable annealing or normal- 
ising, the elastic limit and tensile strength are increased by 
about 30%, over a corresponding carbon steel. The most 
commonly used vanadium steel, however, is vanadium- 
chromium steel, which is used for casehardened parts, such 
as gears, small stampings, forgings, and, with higher carbon 
contents, for springs. Investigation has shown that while 
vanadium has an advantageous effect when used as an 
alloying element, it has a direct influence on the effect of 
other elements present in the composition, and tends to 
intensify their properties. Thus, linked with chromium, 
vanadium brings out properties, as well as creating special 








View of 16-in. rolling mill in operation. 


heat-treatment conditions, that are not apparent when 
either element is used alone. The vanadium contents 
usually range between 0-15 to 0-25%, with about 0-8 to 
1-0% chromium. Vanadium-nickel steels are also some- 
times used, while vanadium up to about 0-3°% is frequently 
associated with nickel-chromium steels. 

Stavanger Electro-Steelworks are situated on the southern 
boundary of the west coast of Norway, and, due to the deep 
water of the Norwegian Fjords, large steamers come right 
alongside the works quay for loading and unloading all the 
year round. Practically the whole of the works are driven 
by electricity generated from water power within a mile 
of the works. The plant consists of electric melting 
furnaces, forges, rolling mills, etc. These are adequately 
housed in well-appointed buildings and, together with the 
chemical and physical testing laboratories, are thoroughly 
modern. The manufactures include ingots up to 15 tons 
in weight, blooms, billets, bar, etc., while steel castings 
up to 12 tons in weight form a substantial part of the 
production. 

A special feature of the works is the production of 
rustless iron, stainless steel, and austenitic acid-resisting 
chrome nickel steel. Rustless iron SIC is made with a 
carbon content of less than 0-08%. In the manufacture of 
rustless iron it is of particular importance to keep the carbon 
contents as low as possible consistent with the production 
of a perfectly sound metal. This is necessary on account 
of the air-hardening properties of steels containing higher 
chromium in this grade (12 to 14% Cr), and by special care 
a quality of rustless iron containing less than 0-08% 
carbon is manufactured which gives no injurious air- 
hardening properties. Thus, billets, bars, forgings, hot- 
rolled tubes, sheets, etc., can all be readily machined, sawn, 
or drilled with almost the same ease as ordinary mild 
steels without an intermediate annealing. 

This soft rustless iron quality is claimed to be quite 
resistant to nitric acid in all strengths in the forged and 


30-cwt. hammer forging special steel. 
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rolled state or as steel castings, and, when polished, to 
atmospheric corrosion. Austenitic types of acid-resisting 
steel manufactured by this firm are also produced with a 
maximum carbon content of 0-08%, and are noted for their 
deep drawing properties. In these types the low carbon 
content makes the steels more resistant to certain acids 
and chemicals, the low carbon being essential. 
these types of austenitic acid-resisting steels is easily 
machined, and is claimed to be superior to the general type 
of 18/8 chromium-nickel steel in its resistance to sulphuric 
acids and other chemicals. This steel gives a perfect 
mirror polish closely resembling silver in colour, and many 
articles are produced of this steel, such as mirrors, house- 
hold fittings, and utensils, shop fittings, shop fronts, 
butchers’ bars and hooks, etc. 

A stainless steel is manufactured for the cutlery trade 
by this firm, containing about 0-35% carbon and 13-0% 
chromium, which is also used extensively in the heat- 
treated condition for stainless steel axles, gears, shafts, 
etc. It is generally appreciated that one of the difficulties 
experienced in the manufacture of mirror polished knives 
and other articles for which stainless steel is preferred 





Container casting for the sulphur industry. 


has been the production of a defect known as 

Freckles’ or ‘Strawberry Finish.” The defect is a 
pitting or matt effect which gives the defect known as 
‘grey bottom,” or may appear as drawn-out threads like 
a comet. This is produced by certain properties inherent 
in the steel, such as special slag inclusions, and can only 
be eliminated in the steel-making. It is claimed that the 
qualities of stainless steel manufactured by this firm, due to 
the extreme care in the process employed and the careful 
selection of raw material, do not show this defect, and 
the firm guarantee the material to be perfectly sound for 
mirror polishing. It is also claimed that the vanadium 
steels are free from this defect. 

The standard grade of Stavanger high-speed steels is 
the usual 18% tungsten and 1-0°% vanadium variety, and 
is claimed to be one of the best steels of this class. 
Another quality, which was specially developed for the 
inserts of saw teeth, is also used extensively for cutting 
tools, milling cutters, special dies, etc. A further quality 
recently developed has been found to possess special value 
for turning and drilling austenitic manganese steels and 
austenitic acid-resisting steels. 
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The constructional nickel and chrome-nickel steels 
manufactured by this firm show a marked superiority over 
the ordinary grades of nickel and chrome-nickel steels, 
due to the scavenging effect of the traces of vanadium 
used in their manufacture and the finer grain of their 
structure, this giving a higher impact value of even figures ; 
the steels not being subject to the defect known as temper 
or notch brittleness. In addition to the steels already 
mentioned, Stavanger also manufacture many qualities of 
oil-hardening tool steels, magnet steels, ball-bearing steels, 
ete. 

The foundry at Stavanger works is perfectly modern, 
having been remodelled in 1929 and equipped with new 
electric annealing furnaces and drying furnaces fitted with 
automatic temperature control and recording apparatus. 
Castings are produced from } lb. to 12 tons in weight in 
mild steel, manganese steel, rustless iron, stainless and 
acid nickel steels, also in hard chromium steel and other 
special alloy steels. Modern machines are installed, which 
include a sand slinger, special sand recovery and mixing 
plants, and sand-blasting apparatus. Many castings 
ranging from | lb. to 4 tons in weight are cast regularly in 
rustless iron, 14, 16, and 18°, chromium steel, and in 
austenitic chromium-nickel steel for the chemical industry. 

In all the grades of steel manufactured some of the ores 
containing vanadium and titanium are used, the amount 
rarying with the particular type of steel being produced, 
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but the powerful deoxidising and scavenging effect, as 
well as the alloying advantages, of these elements, con- 
tribute very largely to the production of high-grade steels 
that satisfactorily meet exacting conditions. 

The writer is indebted to Messrs. H. H. Rieser and Co., 
of Norwich House, Southampton Street, London, W.C. 1, 
representatives of Stavanger the Electro Steelworks for 
permission to publish this article. 


Tensile Strength and Contraction of Cast Steel at 
High Temperatures 


E. Prwowarsky, B. Bozic, and E. Séhnchen have deter- 
mined the tensile strength and contraction of area of plain 
carbon steels containing 0-2 to 0-4% of carbon in the 
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Fig. 1.—These graphs show that the contraction of electric 

furnace steel rises rapidly at about 1200°C, with the test bars 

cut at right angles to the direction of crystallisation, whereas 
the other bars give very low values. 


temperature range of from 650 to 1,450° C. The steels were 
cast from the electric furnace, basic and acid open-hearth 


furnace, and the Bessemer converter in dry sand moulds 
containing chill plates at two opposite sides, in order to 
obtain a well-defined transcrystallisation zone in the ingots. 
The test-bars were taken parallel and at right angles to 
the direction of crystallisation. 

The tensile strength steadily decreases with increasing 
temperature, the fall being somewhat retarded in the a~y 
transformation range at 750 and between 975° and 1,000° C. 
At the latter temperature the strength is about 2-5 tons 
per sq. in. The influence of the direction of crystallisation 
is only noticeable at between 750° and 1,000° C., in most 
cases the strength being somewhat higher at right angles 
to the long axis of the crystals, with the exception of the 
electric-furnace steel. The steels investigated show no great 
differences in strength between each other, only the 
temperature at which the strength is nil varies. With 
electric-furnace steel this temperature was found to be at 
1,370° and 1,390°, with basic Siemens steel at 1,400° and 
1,410°, with acid Siemens steel at 1,360° and 1,410°, and 
with Bessemer steel at 1,440° and 1,460° C. A relationship 
between this temperature and the contents of carbon, 
oxygen, or sulphur plus phosphorus could not be stated. 


The effect of the direction of crystallisation upon the 
contraction of area is more marked. As can be seen from 
Fig. 1, the contraction of electric-furnace steel rapidly 
rises at about 1,200°C., with the test-bars cut at right- 
angles to the direction of crystallisation, whereas the other 
bars give very low values. The differences are also very 
considerable with Bessember steel a, whereas with the two 
Siemens steels they are only found below 1,000°C. The 
basic Siemens steel shows a specially wide range of high 
contraction—-that is, a good deforming power in the hot 
state. The contraction at high temperatures is primarily 
dependent on the behaviour of the intercrystalline layers, 
which for the most part consist of sulphides, phosphides, 
oxides, and probably nitrides. From the contents of these 
hupurities, however, it was not possible to decide whether 
or not the melting process has any effect upon the deforming 
power of the steels—that is, the formation of cracks in 
the hot state-—Archiv fur das Hisenhuttenwesen, August, 


1933. 
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Welding for Pressure Vessels 


Modern technique in both oxy-acetylene and arc welding has developed 
rapidly, and this progress has enabled welding to be adopted in the 


coustruction of pressure vessels with complete success. 


Some reference 


to tests is given in this article. 


Te introduction of oxy-acetylene welding at the 
beginning of this century, and afterwards of electric 
welding, gradually led to a change in the method 
of constructing many types of boilers and tanks, riveting 
being replaced by welding. The end of this development 
is still far from being reached, said Mr. Robert Sulzer, in a 
lecture on the above subject to the Institute of Marine 
Engineers, on November 14; on the contrary, new pro- 
blems are always arising which can be solved successfully 
with the help of welding, both as regards the quality of the 
work and economy in carrying it out. 

Mr. Sulzer, whose firm has for many years devoted special 
attention to the construction of steam boilers, pressure 
vessels, autoclaves, kiers for the textile industry, and high- 
pressure pipe-lines, dealt in the first place with the con- 
ditions which have to be fulfilled if welding is to be adopted 
for important work and then surveyed the progressive 
adoption of welding in the construction of pressure vessels. 

There is no doubt that to-day, from the technical point 
of view, means are available for obtaining a good welded 
joint. This applies both to oxy-acetylene and are welding. 
For electric welding, first-class rotary converters (direct 
current) and also transformers (alternating current) can be 
obtained. There is also a large selection of good electrodes 
available to choose from. 

Amongst the characteristics of a good welded joint, the 
following should be mentioned :— 

(a) Great strength with high ductility—i.e., com- 
paratively great elongation and great impact strength. 
These properties of the weld should correspond as far 
as possible to those of the steel plates or sections that 
are to be joined by welding. 

(6) As much freedom as possible from porosity. 
This stipulation is now well complied with. 

(c) Good penetration without much undercut. 

To fulfil these requirements it is necessary to have not 
only suitable equipment and electrodes, but also a 
thoroughly trained and reliable staff, whose work is sub- 
mitted to constant inspection and suitable tests. A 
considerable part of this paper is devoted to this important 
question, and the methods of inspection and testing usually 
employed by the author’s firm will be described. 

The existing methods of judging the quality of welding 
may be subdivided under the following headings :— 

(a) Testing of specially prepared test welds. 
(6) Testing of finished welded parts. 

Special test welding is carried out in order to determine 
the ability of the welder under certain working conditions. 
It will depend on the reliability of the welder, as well as 
on the working conditions, whether the results given by 
the test pieces are completely or approximately reached in 
actual work. Special welded test-pieces are also made 
when it is necessary to compare different kinds of electrodes, 
welding machines, or welding methods ; they may also be 
used to investigate the influence of various methods of heat- 
treatment for different kinds of weld. Care is taken to 
change only one factor at a time, so that the influence of 
this factor alone may be investigated. The transition zone 
between the weld metal and the pieces connected together 
is tested, as well as the weld metal. In a welded joint the 
ideal would seem to be realised when the mechanical 
properties of the weld are identical with those of the full 
plate. In general, a weld in which the metal has consider- 
able capacity for deformation should be given preference, 
particularly in boiler construction. 





Some idea of the results obtained with oxy-acetylene 
and are welding is given in the accompanying table of com- 
parative figures. These are results of tests on the weld 
metal itself, and the elongation is calculated for a measured 


length of 2in. It will be seen that the tensile strength of 


the electric welds has in recent years become considerably 
greater than that of oxy-acetylene welds. A_ similar 
result is shown by Mr. Sulzer, when welds are submitted 
to the notched-bar test. 

In recent times the influence of annealing electric welds 
has been investigated, the impact test being introduced 
as a new method of testing. All the test-pieces for this 
purpose were made from plates with a tensile strength 
of 26/30 tons per sq.in. Annealing gave a slight reduction 
of the tensile strength of the weld, but the ductility was 
improved so that in some cases it was completely, and in 
others approximately, the same as that of the plate. The 
improvement in values for ductility obtained by annealing 
induced Mr. Sulzer’s firm to install a new furnace with an 
annealing chamber 28 ft. long, 11 ft. 6 in. wide, and 7 ft. 3 in. 
high. his allows large electrically welded pieces to be 
uniformly annealed. ‘fhe fatigue strength of welds has 
been carefully studied. Electrically welded plates, from 
which fatigue strength test-pieces were taken and tested 
by the Wohler method, gave for the weld metal itself a 
static strength of about 6-5 tons per sq. in., in the un- 
annealed state, and about 10 tons per sq. in. in the annealed 
condition. 

In addition to the testing of pieces specially prepared 
for judging the skill of the welder, or for comparing elec- 
trodes, welding methods, etc., Mr. Sulzer discussed the 
testing of finished work both by means of the Réntgen 
method and by taking small test-pieces. It is claimed 
that the principal defects occurring with electric welding, 
such as porosity and slag inclusions, are more easy to 
discover by a Réntgen test. 

Taking small test-pieces from work at irregular intervals 
is an important method adopted by the author’s firm, and 
is claimed to control the welders during the progress of their 
work. A foreman, who is entrusted exclusively with 
instructing the welders and supervising the quality of their 
work, has small test-pieces cut from the welded joints at 
any spot and at varying intervals of time. The quality 
of the welding work is judged from the results of tests 
made on these pieces. 

Mention is made of experimental vessels tested to 
destruction, a method of testing which is, as a rule, used 
for fundamentally new designs. Although costly, the 
method furnishes a large amount of most interesting 
experience and data, which could hardly be obtained 
otherwise. 

In the second part of the lecture, Mr. Sulzer gave some 
excellent examples of various types of pressure vessels 
which, more than anything, show the remarkable progress 
being achieved in welding; examples of boilers and 
steam distributors, including the latest development of the 
tubular steam generator were described. Many examples 
of vessels for storing dangerous liquids (chlorine) or gases 
under pressure (town’s gas) were given. In addition to 
various types of vessels, welding is being increasingly 
adopted in the construction of high-pressure pipe-lines ; 
in this connection the author considered the distributing 
pieces connecting turbines as being the most interesting 
parts of such work. 
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or 


Development of Cast Iron Research 


The progress made in the development of cast iron research is emphasised in the Report of 


the British Cast Iron Research Association. 


This energetic Association is doing extremely 


valuable work and should have the support of all makers and users of iron castings. 


HE importance of research to the development of 
| industry is not always appreciated, yet it provides 
the key to progress. No hit-or-miss method would 
have sufficed to establish the degree of progress that now 
exists. It is only by persistent research that the special 
potentialities of the materials of the world are revealed and 
can be applied for the benefit of mankind as the need arises. 
Progress has been so great during comparatively recent 
years that there are few who question the indirect value of 
research, but there are many who still have the opinion 
that there is only a remote connection between research 
and industry. Research is, of course, pioneer work, and 
subsequent development of an idea is frequently slow, 
because of the continued need of further research. As 
Major F. A. Freeth said in his presidential address at the 
annual luncheon of the British Cast Iron Research Associa- 
tion, research is essentially exploration, for which the 
investigator has to fashion his own specially sensitive and 
delicate mental instruments. It is like trying to reach the 
centre of a maze, which can sometimes be found by a happy 
accident, or by sheer good luck, but it is most assured 
when the side-tracks, which so often appear to be the 
main path, are systematically explored and labelled for 
future use so as to prevent confusion. 

The results of research have caused the development of 
all we appreciate in our civilisation, and they constitute the 
framework that gives fundamental support to the continued 
development of industry. The application of the results of 
research to industry, however, is frequently very slow : 
new problems are presented, and many investigations are 
necessary to provide the knowledge which can be applied 
in practice. Cases are well known in which this industrial 
development has taken many years. ‘Twenty or thirty 
yeurs is by no means uncommon, and one of the great 
advantages of the research association movement has been 
to reduce this period, in which years have been converted 
into months. 

The importance of the work of these associations was 
emphasised particularly with regard to cast iron at the 
recent annual meeting of the British Cast Iron Research 
Association, which has directed much attention upon cast 
iron during recent years, and much progress has been 
achieved. Notable development has been made, for 
instance, in high-strength cast irons, largely as a result 
of improved knowledge regarding the effect of alloying 
elements. But other important advantages have been 
effected as a result of persistent investigation, particularly 
in regard to growth reduction, grain refinement, resistance 
to wear, and increased strength and resistance to corrosion 
at high temperatures, in all of which this Association has 
made important contributions. A further contribution is 
referred to guardedly in the twelfth annual report of this 
Association, which offers promise of producing a standard 
type of cast iron which can act as a basis for various 
methods which have been evolved for securing a high 
quality material. These processes include desulphurisation, 
degasification, alloy additions of various kinds, together 
with the process of inoculation by means of which the 
30-ton iron has now arrived at commercial production. 

Those irons, termed by the Association “ inoculated ” 
irons, to which reference was made in the last report, are 
probably the most important of the developments covering 
the year included in the present report, in which it is 


stated that the average cast iron a few years ago was a 
mixture of the metallurgical constituents ferrite and 
pearlite, both accompanied by flake graphite, the former 
resulting from the partial breakdown of the latter. These 
constituents, ferrite loosely resembling wrought iron and 
pearlite a eutectoid steel, have different densities, thermal 
expansions, thermal conductivities and strengths, and 
consequently their joint presence implies a heterogeneous 
material. A great step forward was taken by means of 
closer metallurgical control in the production of an all- 
pearlitic iron and a further general improvement in physical 
properties was obtained by alloy additions. While the 
maximum tensile strength to be expected from the older 
type of iron may be taken as 15 to 18 tons per sq. in., the 
later step enabled irons to be produced up to about 22 tons 
per sq. in. To-day irons approaching a tensile strength of 
30 tons per sq. in. are actually being produced on a com- 
mercial scale by some members of this Association. It is 
claimed that these figures can only be approached by the 
inoculation process, whereby an iron is cast virtually white 
and rendered grey and machinable, yet strong, by a ladle 
graphitiser or inoculant. Work carried out by the Associa- 
tion during the year has shown that such irons can be 
produced in ordinary commercial furnaces with various 
inoculants. 

It is important to note that the report expresses a word 
of caution to prospective users of the inoculation process. 
The development of these irons requires close metallurgical 
control of raw material, furnace equipment, melting 
practice, and of the finished product. Its application must 
inevitably be slow, particularly to large castings and to 
castings varying widely in section. Some designs of 
castings are so complex that it may only be possible to 
produce them in an iron of the kind now generally used, 
having such shrinkage and contraction properties as permit 
a sound casting to be made in spite of the section and 
disposition of the various parts. 

The inoculation process, as many readers are aware, 
arose out of a development of the nuclear graphite theory, 
as a hypothesis for explaining the phenomena of super- 
heating, to the disadvantage of which inoculation is claimed 
to be the necessary corrective. This hypothesis, useful 
and important as it has been, has always presented certain 
difficulties, the clarification of which was essential to the 
further research on the inoculation process embodied in 
the Association’s research programme, and during the 
year a great deal of painstaking work, particularly on the 
effects of gases on the structure of the metal, led to an 
important advance which appears likely to affect all 
sections of the industry. 

It is not possible to refer to all the work of this pro- 
gressive Association during the year covered by the report, 
but mention may be made of the Association’s heat- 
resisting irons, Silal and Nicrosilal, the commercial develop- 
ment of which proceeds very satisfactorily. During the 
year a technical report has been issued summarising the 
present knowledge with respect to the manufacture, 
properties, and applications of these alloys, which super- 
sedes previous reports, together with a report on the effects 
of tempering the Nicrosilals. It is of interest to note that 
the general heat-resisting properties of the Silal irons have 
been confirmed at several centres on the Continent. The 
study of the aluminium-manganese-silicon cast irons, 
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austenitic in character, has been completed, and reports 
prepared. It is noteworthy also that molybdenum is 
becoming an increasingly important addition to cast iron, 
and work has been done by the Association during the year 
to clear up certain points respecting its precise influence, 
and a preliminary report has been prepared. 

A reference to Appendix III. of this report shows the 
comprehensiveness of the research and development work 
in progress by the Research Committee and Sub-Committee 
of this Association is a sufficient indication of the stupen- 
dous task before it to maintain industrial progress. We 
need a fuller knowledge of how metallic elements arrange 
themselves when alloyed together, and how each arrange- 
ment affects physical properties. When this field is properly 
understood it will be possible to predict from any com- 
bination of metals what the properties of the alloys will be, 
and, conversely, given a set of physical properties, the alloys 
having these properties can be determined. It is to this 
end that the energies of the British Cast Iron Research 
Association are directed, but its success, although depend- 
ing, as Major Freeth stated, primarily on the grey matter 
in the mind of the investigator, is greatly assisted by appro- 
priate equipment and apparatus, together with suitable 
accommodation and working conditions. In order that 
the work can be done properly, the investigator should 
have reasonable protection from interruption. The Cast 
Iron Research Association has never considered direct 
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contact with numbers in the industry as an interruption 
in this sense. The programme is designed to meet what the 
Council of this Association believes to be the needs of the 
industry and the contact between its staff and members, 
we believe, is a perpetual source of fresh inspiration as to 
what these needs are, apart from the opportunities it offers 
of applying what has already been learnt. Apart from this, 
the investigator works most fruitfully when he works under 
the best conditions. 

Progress is absolutely essential in the industry, and no 
better method exists than the central organisation with 
which all associated with the industry can render support 
and encouragement and at the same time obtain all the 
benefits of intensive research, the results of which have far- 
reaching importance and must be applied to the industry 
in order that it may recover and maintain the initiative 
in development. The work of this Association was made 
possible by a Government grant of £1 for £1 of industrial 
subscriptions, but it insists that research associations 
should be financed by means of regular subscriptions, 
because, more than any other kind of human activity, 
research must be done steadily and without break in its 
continuity. This can be provided only on a subscription 
basis, and readers wishing to co-operate should com- 
municate with Mr. J. G. Pearce, M.Sc., F.Inst.P., M.!.E.E., 
21-23, St. Paul’s Square, Birmingham, from whom full 
information is available. 


Heat-resisting Chromium-Nickel-Iron Alloys 
for Furnace Construction 


CERTAIN structures must have parts which will resist high 
temperatures ; these are generally made of heat-resisting 
alloys of the Ni-Cr-Fe series; but the metallurgical 
engineer, who must select the particular alloy for a given 
service and determine its long-life load-carrying ability 
in that service, wishes to do so on the basis of engineering 
knowledge rather than solely on that of cut-and-try 
experience. He looks for data on load-carrying ability 
in terms of pounds per sq. in., and is at once confused by 
the wide disagreement in what are considered to be safe 
loads. An article by L. J. Stanbery,* under the above 
title, shows clearly how scanty are the precise data on 
long-life load-carrying ability of furnace alloys determined 
under conditions where loads and temperatures can be 
readily controlled. After discussing design values of heat- 
resisting alloys in furnace construction, based primarily 
on their load-carrying ability, the author states the known 
facts are so sparsely scattered amid the sea of speculation 
and conjecture that the whole subject seems one ripe tor 
joint action by makers and users of heat-resisting alloys, 
with a view to the accumulation of definite engineering 
knowledge that would replace the vague gencralisations 
and rough guesses on which designers so far have had to 
rely. 

The author appreciates the influence the nature of the 
atmosphere in contact with the alloy has on serviceability. 
In oxidising atmospheres that are free frcm sulphur gases 
the presence of 15 to 25% Cr, according to the temperature, 
is sufficient to give good protection against scaling. At 
temperatures about 2,000° F. higher Cr content is called 
for. Moderate amounts of Ni, say, up to an amount equal 
to the Cr content, do not materially alter the resistance to 
oxidising conditions. When the Ni far exceeds the Cr, and 
the alloy is subjected to frequent and drastic changes in 
temperature, there may be some tendency toward flaking 
of the protective oxide coating, more marked in wrought 
than cast alloys. Sulphur gases are much more dangerous 
to alloys containing nickel, thus Ni-free or the low Ni 
alloys are indicated when high sulphur atmospheres are 
present. The necessity of meeting such conditions is the 


chief reason for using the plain Cr alloys, but their useful- 
ness is limited by their tendency towards large grain size 
and resultant room-temperature brittleness. This tendency 
is combated by the presence of Ni and the creep strength is 
raised, as that the use of Ni is advisable, perhaps, up to 
the limit the atmosphere will allow. 

Other factors, in addition to atmosphere, must, however, 
be considered, for instance, the nature of the alloys. Some 
of these are metastable and may deposit Cr carbides in the 
grain boundaries after long exposure at certain high 
temperature ranges. When this occurs the boundaries are 
particularly sensitive to decarbonisation and to H,S 
attack. Below the critical temperature range of deposition 
of carbides they are less sensitive. At still higher tempera- 
tures the carbides may go back into solution and the 
sensitivity again be lost. The critical carbide range will 
vary with the composition and previous treatment of the 
alloy. Hence, it is necessary to know not only the nature 
of the atmosphere, but also the range of temperature at 
which the alloy is to be exposed to that atmosphere. 

The author states that some authorities advocate a Cr 
content of 15 to 25 times the C content, plus 12°, and, for 
severe sulphur conditions, a Ni content of not over half 
the Cr. As a definite amount of Ni is required for complete 
austenisation, and hence for creep strength, the C and the 
atmospheric requirements often build the Cr up, for 
reducing sulphur atmospheres, far above the minimum 
needed for protection against oxidising conditions. 

The composition ot heat-resisting alloys in a particular 
class varies scmewhat according to whether the alloy is 
required in the wrought or cast condition, and, after dis- 
cussing the influence of various constituents, the author 
summarises the elements present other than Cr, Ni, and 
Fe contents, in the following percentages :— 


Element. Castings. Wrought Alloys. 
errr re Tey 0-20—0-50 .. 0-20 max. 
GO ccechcssvtsswaces 0-50—2-00 0-25—2-50 
eee 0-50—1-50 0-50—1-50 
POORIED vecsscsonnes 0-025 max. .. 0-025 max. 
eee eee 0-025 max. .. 0-025 max. 
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THE DISARMAMENT CRISIS. 


RITISH industry, and not least that section of it 
B comprising the ferrous and non-ferrous trades, will 

be immediately affected by the result of the Disarma- 
ment Conference. A failure of the Conference may result 
in considerable improvement in certain directions, but it is 
probable that this would be affected by losses in other 
directions, and everyone must be increasingly conscious 
of the gravity of the general situation arising out of the 
recent rupture. It seems clear that so far as the Conference 
is concerned there is no agreement on a policy ; nothing has 
been done, and there is naturally a fear that the agreement 
to proceed along the road to disarmament has been allowed 
to lapse. The meeting on October 14, at which the German 
Government brought the proceedings to an abrupt con- 
clusion, was adjourned to meet again on November 9, when 
it was hoped that the various Governments would be able 
to come to some agreement, in the light of what happened, 
and define a common programme. Apparently no real 
effort has been made to overcome the difficulty, in view 
of which Mr. Henderson has decided that he cannot con- 
tinue under present circumstances to occupy his position 
as President of the Disarmament Conference. 

We are not concerned here with the causes that have led 
to this impasse, but we believe the ideal of a restriction of 
armaments by international agreement has got a real hold 
on popular opinion, which fully realises its vital importance 
to national economy and increased confidence. It is an 
ideal, however, that is never likely to be fully attained, 
because it assumes a fundamental change in human nature, 
and there can be few who believe that human nature has 
changed one jot or tittle as a result of the war. It can be 
said with truth that the war has added to, rather than 
taken from, our difficulties in promoting peace. It has 
developed mechanical invention, whether for purposes of 
trade or war, and increased general ingenuity and the 
possibilities of material production. It has destroyed 
autocracies, and given such stimulus to so-called democracy 
as to threaten the world with fresh tyrannies. It has 
exaggerated the conception of nationalism, and on the 
whole lowered that of individual liberty. True, it pro- 
duced the League of Nations, but much as we desire to see 
it firmly established and directing the world in a sane and 
orderly fashion, we are forced to admit that, while in 
theory it is perfect, the dominant Powers are altruistic in 
speech rather than action. Jealousy and lack of confidence 
are still controlling factors. 

This may be taken as a reflection on civilisation which 
appears to be in an impasse, but everyone apparently 
assumes that all the nations have reached the same con- 
dition of civilisation, and that all will abide by the same 
rules and conventions in the same spirit for the benefit 
of the world as a whole ; instead of which the degree of 
civilisation must vary with each nation, and, apart from 
the nationalist spirit which prevails, the outlook of each 
will be entirely different. Thus, however much we may 
desire peace, it must be not only a dominant spirit, but 
on a similar level in all nations to approach the ideal, and 
there is no indication of this at the present time. Fear is 
rampant ; in Europe, for instance, huge fortifications have 
been built, and the possibilities of an invasion are discussed 
and arrangements apparently made to move a seat of 
Government in the event of hostilities occurring. All the 
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efforts to promote peace and goodwill have apparently 
come to nought. 

There has been sufficient evidence of late to show that 
the human element is easily moved from one extreme to 
another, and the agreements entered into with all solemnity 
and every appearance of good faith are thrown over and 
substituted by viewpoints which are contrary to the whole 
spirit of peace. Even the most pacific reader must realise 
that the voice of a Government, however well chosen the 
language, cannot carry conviction unless action is in con- 
formity with the ideal expressed. Further, it is futile for 
any one nation to initiate action with a view to showing 
by example a real desire to reduce armaments; with the 
world in its present condition, it is more than likely to be 
taken as a sign of weakness with a consequent loss in 
prestige. Concerted action is necessary, and nations must 
persist in their efforts to arrive at some common policy 
which can be kept until something better can be agreed 
upon. Equality is the only ultimate solution of European 
peace, and this was actually promised in the Five Power 
Agreement of December, 1932. Apparently it was the 
preliminary waiting period to which the German Govern- 
ment took exception; this was intended to cover five 
years, and the destruction of heavy material by the States 
which possessed it was to begin within twelve months of 
its coming into force. 

Making due allowance for the fraility of human nature, 
however, it must be admitted that some progress has been 
made in scaling down armaments, in which the British 
Government has taken a leading part. The Washington 
Naval Treaty, for instance, the five signatory Powers of 
which were the British Empire, the United States, Japan, 
France, and Italy. By this treaty the five Powers agreed 
to limit vessels to 10,000 tons displacement, mounting 
guns not greater than 8 in. in calibre. Subsequently the 
total cruiser tonnage was limited by the London Naval 
Treaty. Great Britain went further than this, and since 
1927 has not ordered a cruiser larger than 7,000 tons. 
The object in deliberately building smaller cruisers was to 
encourage other Powers to do likewise. But neither the 
United States nor Japan seem to have been inspired to 
follow this example. It is for this reason, no doubt, that 
the Admiralty have decided to reduce the number of 
cruisers from four to three in order that larger vessels can 
be built without infringing the London Naval Treaty. 

There is ample justification for the grave concern which 
prevails, and increasing need for bridging the gulf that 
exists between certain nations in such a way as to allow 
each to develop on rational lines. While Great Britain can 
do much to give a lead to the resumption of negotiations 
on disarmament, the Government must fully appreciate 
its responsibilities and do nothing that will weaken her 
prestige. Unless something tangible is accomplished 
quickly, the present distrust will increase and will steadily 
lead to another world catastrophe many times worse than 
the last, because of our blind and rapid progress in the 
use of destructive mechanism. In such an event those of 
us who are left alive will probably console ourselves with 
the thought that our idealism was too high for the frailty 
of human nature. Peace and goodwill in spirit rather than 
in words are necessary to prevent such a calamity, and 
every nation must give its fair share in attaining this 
desirable condition. 
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THE BRITISH CAST IRON RESEARCH 


ASSOCIATION. 


NYONE who is interested in the vitality of the 
A foundry industry should read the last annual 
report of the Cast Iron Research Association, to 
which we make reference in this issue. It discloses a re- 
markable record of progress during the past eight years, 
showing a constant rising curve of income and expenditure, 
whieh-ef course means activity. From what was one of the 
smallest it is now in the first six research associations in the 
country. Bearing in mind that the industry is after all only 
part of the large iron and steel and engineering industry, this 
is a distinct achievement. 

The work carried out appears to be carefully chosen to 
interest every foundry in the country, for practically all 
melt their metal in the cupola furnace and cast into sand 
moulds. The cupola has been one of the major interests of 
the Association, and the new design which it has recently 
evolved makes some remarkable advances in melting 
efficiency, in addition to yielding high metal temperature. 
It is estimated that the adoption of this furnace throughout 
the trade would save over £100,000 per annum, apart from 
the advantages mentioned, which is something like ten 
times the present annual expenditure of the Association. 
Outstanding work has also been done on methods of testing 
and controlling moulding sands and core sands. 

A good deal of attention has also been given to the 
properties and structure of cast iron itself. One of the out- 
standing achievements has been to demonstrate the fact 
that the mechanical properties obtained from cast iron do 
not result from a given composition, although the method of 
controlling properties universally used by the founder is 
that of modification of silicon content. It has been shown 
that the conditions under which the metal is melted, and 
which are presumably also under the control of the foundry, 
have a very important influence. This explains, for 
example, why different foundries melting the same mixture 
obtain different results ; why, to get similar results—that 
is, for example, to meet the same specification—different 
foundries have to use different mixtures. The under- 
standing of the effect of conditions of melting is bound to 
lead to better control in the foundry. Out of this work 
came the Association’s proposals for producing what they 
call inoculated cast iron, by which cast irons of 30 tons 
tensile strength have been, and are being, commercially 


produced in this country without any form of heat- - 


treatment or process subsequent to casting. Samples of 
these materials have, in fact, been publicly exhibited during 
the year both at the Foundry Trades Exhibition and at the 
Shipping and Machinery Exhibition. 

The Association not only undertakes experimental work 
but, perhaps more than any other association of its kind, 
maintains close contact with its members and assists in the 
application of developments to current industrial practice. 
Only those who know the progress that is being made by 
our leading competitors, particularly America and Germany, 
in this field realise the importance to be attached to this 
work. There have been many prophecies that cast iron is 
either doomed or dead, but it is a singular fact that 
modern methods of testing, particularly testing at elevated 
temperatures and testing for creep and fatigue, tend to 
emphasise the value of the simple cast, material as distinct 
from forged materials and what might be called the “high- 
bred ” materials. So far from being doomed there are now 
quite a number of metallurgists who believe that its day is 
only now seriously beginning. Work of this kind is not 
only important to the manufacturer but also to the user, 
and users of cast and malleable iron are spread practically 
throughout the engineering industry. It is notoriously 
difficult to establish an association in this country where 
individualism is still the most commonly accepted creed, but 
the founding industry is setting in this, as in some other 
ways, a good example to the rest of the industrial community 
and we hope that the Research Association will get the 
general support which its work deserves. 
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MAGNETIC TREATMENT OF METALS. 


REVIOUS issues of this journal have contained much 
P of the research work of Mr. E. G. Herbert on the 
magnetic treatment of metals, and it is fitting that 
his more recent book dealing with the practical application 
of this work should be reviewed in these columns. Thus, 
in this issue we publish a review of a report presented by the 
author to the Cutting Tools Research Committee of the 
Institution of Mechanical Engineers, and published in the 
** Institution’s Transactions,” vol. 124, 1933. 

In this present work the magnetic treatment of metals 
is carried a stage farther, in practice and in theory. On 
the practical side, by showing the remarkable increase in 
the efficiency of cutting tools which can be effected by 
magnetic treatment. An investigation of ageing phe- 
nomena in very pure metals has shown that the periodic 
hardness fluctuation which follows magnetic disturbance is 
but a particular instance of ageing changes which make 
their appearance after almost any violent disturbance of 
the metal structure. 

In these investigations the ‘ Pendulum” hardness 
tester has been used throughout, but corroborative evidence 
has been adduced from other workers using different 
methods of testing. How such evidence may be in existence 
but long remain unpublished because its significance is not 
understood, is illustrated by a recent case published in 
the ‘Transactions of the American Society for Steel 
Treating,”’ vol. 21, No. 1, May, 1933, in which Mr. Charles 
W. Briggs, of the Naval Research Laboratory, Anacostia, 
Washington, discussed ageing fluctuations of Brinell hard- 
ness having the increasing time periodicity which is 
characteristic of metal cooled from a high temperature. 
We understand that in a letter to the author Mr. Briggs 
says, “‘In our ageing studies, using the Brinell machine, 
we have always found these hardness fluctuations. For a 
long time we thought they were the result of experimental 
errors ,and went to great lengths to improve the technique, 
but of late we are of the opinion that these fluctuations 
are real,” 

That these phenomena are real, that they occur under 
widely different conditions yet are closely interrelated, 
that they consistently follow certain laws, and that they 
are capable of being turned to useful account in practice— 
such is the principal outcome of this work, and we believe 
that it will be received with more than ordinary interest. 





Brighter Prospects. 


THE iron and steel industry is experiencing a gradual 
improvement as a result of the increase in demand arising 
from a general recovery in trade which has shown an 
improvement trend since April. Mr. Benton Jones, chair- 
man of Steel Industries of Great Britain, Ltd., and the 
United Steel Companies, Ltd., at the annual meeting of 
the company recently, viewed with optimism the continu- 
ance of improved conditions. With the increase in demand 
and potential demand for steel peculiar to this country, 
resulting from the adoption of Protection, and with the 
actual increase in demand common to all steel-producing 
countries after a period of phenomenal depression, Mr. 
Jones considers we can safely say that the change for the 
better is likely to last. He believes that there will be a 
further improvement when the demand for certain classes 
of steel recovers from its unprecedentedly low level, and 
in the absence of any grave setback in the outside world 
the prospects are brighter than they have been at any time 
since 1924. 

It is gratifying that this upward trend is general; in 
addition to the iron and steel industry other basic industries 
like coal, non-ferrous metals, hardware, cotton and wool, 
continue to show substantial improvement. Even the 
shipbuilding industry, which has probably been more badly 
hit than any other, is showing signs of recovery, and the 
few orders for vessels placed recently are encouraging, as 
is the prospect of an early resumption of the work on the 
Cunard liner. 
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Correspondence 


Cupola Charges. 
November 8, 1933. 
The Editor, MeraLLurGia. 

Sir,—A point of interest arises out of Mr. Hurst’s article 
in your October issue. He peints out the large variations 
in composition, especially in silicon and phosphorus, 
obtained in the course of a day’s run, and suggests that this 
can be avoided either by using refined iron or by a heated 
cupola receiver. 

Mr. Hurst started with charges of low-silicon hematite 
and high-silicon phosphoric pig iron, which differ widely in 
composition, and also probably in rate of melting. 

Mr. Hurst probably had some special reason for such a 
mixture, because the obvious way to get regularity of 
composition is to use pig irons which are individually as 
near as possible to the desired final composition, making 
allowances for silicon loss, etc. By doing this there is no 
difficulty in getting much more regular figures than those 
given in the tables, and this without the use of refined 
iron.— Yours, etc., J. ARNOTT. 

Newlands, 

Glasgow. 
November 12, 1933. 
The Editor, MeTaLLurRGia. 

Sir,—I am glad to have the copy of Mr. Arnott’s letter, 
as this refers to a point of considerable importance in the 
making up of cupola mixtures. 

Apart from the alternative method of using various forms 
of receivers, I agree with Mr. Arnott that the obvious way 
to secure regularity of composition from supola melted 
mixtures is to use pig irons which are individually as near 
as possible to the desired final composition. It is really 
surprising how often this obvious maxim is ignored in 
cupola melting practice. One of the most flagrant trans- 
gressions is the use of steel scrap mixtures. The margin 
of differences in composition between steel scrap and pig- 
iron components of mixtures for various grey iron specifica- 
tions is greater probably than in any other possible type 
of mixture. 

As far as my knowledge goes, the only pig irons of 
guaranteed composition and possessing regularity of com- 
position to the maximum degree, are the reputable brands 
of refined irons, and hence in carrying out the maxim pro- 
pounded by Mr. Arnott the use of such irons is recommended 
as that giving the best possible results. 

Whilst in stating his case Mr. Arnott referred to allow- 
ances for silicon loss, he appears to have neglected to take 
into consideration the equally important matter of total 
carbon content. Quite a large number of people consider 
that the control of total carbon content is desirable, and 
have found that they have to contend with a certain amount 
of “carbon pick-up” in the cupola. Refined irons offer 
the only means of effective control of this under given 
conditions of cupola practice in a multitude of specifications. 
—Yours, etc., J. E. Hurst. 

The Beeches, 

Green Lane, Dronfield. 


Motor Cars and their Service. 
November 9, 1933. 
The Editor, METALLURGIA. 

Sir,—In your issue of October, 1933, there is a short 
reference to the Motor Show, in which you refer to the 
contribution of the metallurgy to car manufacture. In 
the course of the article you say :—‘‘In this way the 
material finally selected for a particular part is not only 
carefully analysed and tested in the laboratory, but it is 
subjected to road tests more severe than are likely to be 
encountered in normal use.” 

While this is true in many respects, yet there are parts of 
present-day cars that are unsatisfactory in service ; 
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observations in the low- and medium-priced car class seem 
to indicate that the choice of some materials has been made 
from considerations of price and ease of production rather 
than from a desire for a lasting job. 

Surely it is not suggested that the adoption of pressed- 
steel brake drums in place of cast iron was the result of 
road tests and laboratory advice; and the epidemic of 
rapid cylinder wear of recent years is hardly a tribute to 
research methods. There are many parts of cars where 
pence have been saved in the making, and which by their 
early wear involve the owner in heavy expense. A typical 
case is the use of rolled brass for bushes in the front axle 
and steering assembly. 

In your note you say :—‘* The modern motor-car is such 
a wonderful piece of mechanism that it is amazing how 
manufacturers can continue to effect improvements.” 

The answer to this can be best seen by examination of 
cars after, say, twenty to thirty thousand miles’ running. 
Even after this small mileage many cars to-day are ready 
for a major overhaul ; the cylinders and pistons are worn, 
crankshaft oval, steering assembly worn, springs have taken 
a set, brake drums scored, wings begin to rust. Probably 
some of the cheap wiring has already been replaced and 
some of the instruments repaired. 

It is not difficult to point out where the genuine improve- 
ments can be effected, and at very little cost, but these are 
points which do not catch the eye, or make strong talking 
points for salesmen.—Yours, etc., 

J. ARNOTT. 

Newlands, Glasgow. 


[We still believe the average motor-car is a remarkable 
piece of mechanism, though we hope nobody will assume 
that we think perfection has been achieved. However, 
in order to have an expression of opinion from one who 
has a wider experience in the use of different motor-cars, 
we sent a copy of Mr. Arnott’s letter to the editor of 
The Motorist, and publish his reply believing it will be 
of interest.—Ep1ror. | 


November 11, 1933. 
The Editor, METALLURGIA. 

Sir, I am interested in the copy of Mr. J. Arnott’s 
letter sent to me because he is a metallurgist who has had a 
considerable experience of motoring. It is surely only a 
half-truth, however, to say that the choice of some materials 
used in the construction of low- and medium-priced cars 
has been made from consideration of price and ease of 
production. Engineering production is nearly always a 
commercial compromise, but, used with reasonable care, 
the average low- and medium-priced car will run for many 
thousands of miles before giving any trouble. Is it not a 
fact, also, that manufacturers have caught up to the 
research worker as far as cylinder and bearing wear are 
concerned ? Can it be denied that if there is excessive wear 
in crankshaft bearings or cylinder bores the fault is that, 
despite all the research work that has been conducted by 
manufacturers and research bodies, there is still progress 
to be made. Perfection, Mr. Arnott should remember, is 
as far away as infinity. 

It is not correct to say that pressed-steel brake drums 
were substituted for cast iron solely from cost-production 
motives. We always have had cylinder wear, but it is 
simply more apparent now—largely due to greater publicity 
through a greater number of cars on the road, cooler- 
running engines (see A.E. reports), and aluminium-alloy 
pistons with greater abrasive action. 

With regard to the use of rolled brass for brakes in the 
front axle and steering assembly, would this have any 
material effect on the longevity of a vehicle ? Is it not the 
rarest occurrence for a car owner of to-day to have trouble 
with front axle or steering if lubrication is properly attended 
to? Oval-worn crankshafts are not common, but it may be 
admitted that there are contentious points in connection 
with crankshaft design. About springs, it can be said 
that modern springs are more resilient, and there is greater 


(Continued on page 26.) 
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Improving the Quality of Tool Steel 
by Magnetic Treatment 


By Edward G. Herbert, B.Sc., M.I. Mech. E. 


undertaken for the Cutting Tools Research Com- 

mittee of the Institution of Mechanical Engineers 
(“ Transactions,” Vol. 124, pp. 645-683, 1933), has thrown 
light on certain changes which have been recognised though 
little understood, and has shown the possibility of develop- 
ments of a practical character in improving the efficiency 
of tools in cutting metals. That changes take place in 
recently hardened steel is well known. Saw-blades, drills, 
and other tools which have been warped in hardening, can 
be straightened by bending if this operation is performed 


A N investigation on “The Ageing of Tool Steel,” 





Fig. 1.—Saw blade of high-speed steel twisted 
immediately after hardening. 


soon after the hardening process, but this temporary 
phase of ductility disappears on ageing, and the steel 
becomes quite rigid. In other words, the steel immediately 
after hardening has a low elastic limit. <A slight deforma- 
tion produces permanent set. On further ageing, the 
elastic limit rises until it coincides with the maximum 
stress. The steel can be stressed to fracture without taking 
any permanent set. That these changes are mainly elastic 
changes is confirmed by the fact that even during the ductile 
phase the steel possesses a high degree of hardness. Fig. 1 
shows a saw-blade of high-speed steel which was easily 
twisted into a spiral immediately after hardening, though 
it was impossible to mark it with a file. 

That ageing changes take place after “‘ secondary heat- 
treatment ” of high-speed steel appears to be widely 
recognised. In some works tools are not allowed to be put 
into work within twenty-four hours of the final hardening 
process. An investigation by means of hardness tests made 
at very short intervals and continued for many hours, not 
only confirmed the occurrence of changes, but revealed a 
remarkable series of fluctuations of a periodic character. 
The method of investigation will be understood from 
Fig. 2. 

A specimen of high-speed steel, containing 18% tungsten, 
and previously hardened at 1,300° C., was first tested for 
hardness in the cold state. The average diamond time 
hardness, measured with the pendulum, was 55, point a. 
The specimen was placed in the electric furnace at 575° C., 
and its hardness was measured at that temperature while 


“é 


actually in the furnace, point 6. Hot hardness tests 
were continued at intervals of 3 mins., and gave the points 
between 6 and c. At this point, the heat-treatment 
having been applied for 30 mins., the specimen was cooled, 
and its hardness was found to have risen to point d. 
Hardness tests were continued at 3-min. intervals on the 
cold steel, and revealed a further rise and a series of fluctua- 
tions, at first rapid, but gradually slowing down and damp- 
ing out, the hardness after 30 hours having risen from 55, 
point a to 59, point f. This “secondary hardening ”’ is, 
of course, well known, and is due to a transformation of 
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Fig. 2.—Hardness fluctuations in secondary heat-treatment of 
h igh “Spe ed steel. 


retained austenite into martensite, but this transformation 
could scarcely be of such a fluctuating character as would 
give rise to alternate hardening and softening. In an 
endeavour to find the source of the hardness fluctuations, 
a series of experiments was made in which a single specimen 
of high-speed steel was repeatedly subjected to secondary 
heat-treatment. 

The specimen was treated seven times, and it was found 
that a net increase of hardness occurred after the first, 
and again after the second treatment. Thereafter the 
ultimate hardness was unchanged, but the periodic fluctua- 
tions occurred in every case with unabated intensity and 
with approximately the same periodicity. Evidently the 
austenite-martensite transformation was completed in an 
hour, and the fluctuations must be attributed to some other 
cause. Attention was now directed to the very marked 
** reversible ” change of hardness, the softening on heating, 
a—, and the recovery of hardness on cooling, c—d, Fig. 2. 
If, as now seemed likely, the fluctuations were caused by 
cooling the specimen, they would surely be influenced by 
the rate of cooling, and steps were taken to vary this rate, 
by quenching, by natural air cooling, and by cooling 
slowly (one hour) in the furnace. The ageing fluctuations 
occurred in every case, and were not much influenced by 
the rate of cooling, There remained only as a possible 
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source of the fluctuations the heating change of hardness 
a—b. A specimen was now placed in the furnace at 
575° C., and hot hardness tests were made at intervals of 
3 mins. for 24 hours, with the result shown in Fig. 3. A 
periodic fluctuation of gradually decreasing amplitude and 
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Fig. 3.—-Hot hardness at 575° C.; 3-minute intervals. High- 
speed steel, hardened at 1,300° C. 


a typical periodicity of 33 mins. per }-cycle. Clearly, the 
original source of the fluctuations was the heating process. 

The hardness fluctuations set up by heating bore a 
striking resemblance to those which had previously been 
found!* to result from rotary magnetic treatment. Were 
they identical in character? If so, the former, like the 
latter, should be capable of being “ stabilised ’* by magnet- 
ism. This was found to be the case, as shown in Fig. 4. 
Before applying the seventh successive heat-treatment to 
the same specimen, it was notched on an emery wheel, 
and almost immediately after cooling—that is, at the first 
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Fig. 4.—Seventh treatment (30 mins.) at 500°C. Specimen 
quenched ; broken in two; one half stabilised for 1 min. in 
magnetic field of 27,770 gauss and aged ; other half normally 
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Fig. 5.—High-speed steel twist drill given one turn, while cold, 

on 3mm. Gap in a field of 16,800 guass. At first minimum, 

occurring 10 mins. from commencement, the specimen is broken 
in two and one half stabilised for 2 mins. 


maximum phase—it was broken in two, and one half was 
placed for 1 min. in a strong magnetic field, serial hardness 
tests being then resumed on both halves concurrently. A 
violent temporary fluctuation occurred (this was later 
traced to a too sudden application of the stabilising field), 





1 “ Proc. Roy. Soc. Lond.,” 1931 series, A vol. 130, p. 514. 
2 METALLURGIA, 1931, vol. 4, p. 9 and p. 47. 
§ METALLURGIA, 1931-2, vol. 5, p. 13. 
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and the hardness became stable, above the previous 
maximum. Further experiments showed that every 
maximum and every minimum phase of the hardness 
fluctuations occurring after normal secondary heat- 
treatment could be stabilised by magnetism. 

This discovery pointed to a possible development of a 
practical character—that of stabilising the hardness, and 
the physical properties associated with hardness, in a 
condition either above or below that which would result 
from normal ageing. Whether a cutting tool stabiliséd ‘at a 
maximum or at a minimum phase would be better or worse 
than one which had not been so treated was not known, 
and could only be ascertained by cutting tests. It seemed 
probable that the changed physical properties of the steel 
would be associated with some marked change in cutting 
efficiency. 


Ageing Changes and the Improvement of Tool 
Steel. 

Before applying the ultimate criterion of cutting tests, a 
long series of experiments was undertaken to find alternative 
treatments which could be readily applied to actual cutting 
tools. The general object of these experiments was to 





Fig. 6.—Method of treating the drills used in 
the experiments. 


induce fluctuations of the greatest possible amplitude, and 
to place the steel in a condition of stability as far as possible 
from that which would result from normal heat-treatment. 
Particular attention was given to stabilising the fluctuations 
set up by secondary heat-treatment, to the most effective 
strength of field for inducing fluctuations magnetically in 
the fully hardened steel, and to the enhancement of the 
thermal fluctuations by superimposing a magnetic dis- 
turbance on the thermal disturbance, by transferring the 
specimen hot from the furnace to the magnet, and in other 
ways. For an account of these experiments and typical 
results, the reader must be referred to the original paper. 


Cutting Tests with Magnetically Treated Twist 
Drills. 


Arrangements were made with a firm of twist-drill manu- 
facturers whereby drills could be subjected to drilling tests 
under standard conditions before and after magnetic 
treatment. The drills were ali of high-speed steel # in. 
in diameter, and were tested by drilling holes through a 
billet of tyre steel 2 in. thick and of 207 Brinell hardness. 
The drills were run at a speed of 505 r.p.m. and a feed of 
8-6in. per min., the capacity being measured by the 
total depth drilled before cutting ceased, as indicated by 
“* squealing ” of the drill. 

Preliminary experiments were made with sections of the 
drill steel, hardened by the usual method, and magnetically 
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treated. Fig. 5 shows the ageing curves resulting from the 
two magnetic treatments ultimately adopted. The drill 
section was placed across the 3mm. gap between the 
magnet poles, and was slowly rotated once, at room 
temperature. Serial hardness tests at short intervals 
showed an immediate fall of hardness. The specimen was 
broken in two, and one half was stabilised at the minimum 
phase by placing it for 2 mins. in the magnetic field. The 
other half was normally aged, and the two halves ultimately 
reached stability, one above and the other below the original 
hardness of the steel. 

The method of treating the drills is illustrated in Fig. 6, 
where a drill is shown in position over the magnet gap. 
It was rotated about its axis in this position, the operation 
taking 40 secs. only. Some of the drills were afterwards 
stabilised by placing them in the field between the magnet 
poles when the minimum phase was reached. 

Four drills were first subjected to the standard test to 
establish their quality in the untreated state. The depths 
drilled by the untreated drills were :— 

No. 1. No. 2. No. 3. No. 4. 
12 in. a 9 in. 9} in. es 7 in. 

The drills were then reground and magnetically treated, 
Nos. 1 and 2 by rotary treatment only as in the top curve 
Fig. 5, Nos. 3 and 4 rotary and stabilising treatments as in 
the lower curve. 

They were then tested again exactly as before, with the 
following results :— 

No. 1. No. 2. No. 3. No. 4. 
54 in. én 2 in. ‘a 2} in. sm 4in. 

Thus, as a result of the magnetic treatment the capacity 
of all the drills was much reduced, an aggregate performance 
of 14in., compared with 37} in. by the same drills before 
treatment. 

Drills No. 1 (rotary) and No. 3 (stabilised at the minimum) 
were then subjected to “ artificial ageing” for one hour 
at 100° C., and tested again as before, with these results :— 

No. 1. No. 3. 
72 in. oe 17 in. 

Thus, as a result of the magnetic and thermal treatments 
the original durability of No. 1 was increased six times, and 
that of No. 3 79%. 

These results having indicated that treatment at 100° C., 
following the magnetic treatment was beneficial, it was 
decided to combine the magnetic and thermal treatments 
by giving rotary magnetic treatment at 100°C. 

Two further drills were teste? for durability and were 
given the following treatments. 

No. 5.—Placed in boiling water for 30 mins., transferred 
hot to the magnet and given one turn as before. 

No. 6.—Same treatment as No. 5. Stabilised 15 mins. 
later at the first minimum. 

The drills were tested as before, with the following 
results :-— 


Before Treatment. After Treatment. 







No. 5. No. 6. No. 5. No. 6. 
8 in’ ea 12 in. 5 in. oe 2 in. 
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Fig. 7.—High-speed steel: three quick turns on magnet ; 

15,300 gauss in 3mm. gap. At first maximum broken in two. 

One half stabilised 1 min. Stabilised half artificially aged 
3 hours at 100°C. 


Thus, the durability of both drills was considerably 
reduced by magnetic treatment at 100° C. 
Both drills were then “ artificially aged ” for one hour 
at 100° C., and on Lae tested gave :— 
No. 5. No. 6. 


64 in. ro 4in, 


METALLURGIA 13 


The original durability of No. 5 was thus increased eight 
times (8 in. to 64 in.), while No. 6 (stabilised at a minimum 
phase) was less durable than before treatment. 

Further experiments were made, in which drills were 
subjected to various treatments previously worked out, and 
improvements in cutting efficiency resulted, ranging from 
15%, to 126%, while in three instances, including No. 6 
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Fig. 8.—Three-ply steel (0-95% carbon) treated by S. Widdas. 
Stage 1, Immediately after quenching from 760°C. Stage 2, 
Aged for 24hours. Stage 3, Immediately after rotary magnetic 
treatment. Stage 4, Aged for 24 hours. Stage 5, After 2 
hours at 100°C. Stage 6, Aged for 24 hours. Hardness tests 
with Vickers’ diamond pyramid. Each point on graph is 
average of 9 tests. 


























above, the efficiency was distinctly lowered. Taking all 
the results, good and bad together, the aggregate drilled 
by the treated drills was 2+72 times that of the same drills 
in the untreated condition. 

These experiments have shown the possibility of effecting 
a great improvement in the performance of cutting tools 
by treatment of a simple character, the rotary treatment 
only occupying a few seconds and the life of the tool being 
increased six-fold and eight-fold in the most favourable 
instances. 

Artificial Ageing of Magnetically Treated Steel. 

The remarkable effect of treating magnetically hardened 
steel at 100° C. was first demonstrated by Mr. 8. Widdas, 
who applied this process to a three-ply carbon steel after 
hardening it by magnetism. The process has since been 
the subject of much research, which indicates an analogy 
with the artificial ageing often applied to duralumin. In 
Fig. 7 a high-speed steel was magnetically disturbed, 
stabilised at a maximum, and “‘ artificially aged ” for three 
hours at 100° C., tests being made at very close intervals 
while the specimen was in the furnace at that temperature. 
The periodic fluctuations of decreasing amplitude are similar 
to those which occur during ageing of duralumin at 200° C., 
and to the hot hardness fluctuations shown in Fig. 3. 
In carbon steel the amplitude of the fluctuations during 
artificial ageing is very great, and may result in a great 
increase of hardness, as shown in the experiments of 
Widdas, Fig. 8. These results are interesting, not only as 
the first application of artificial ageing to magnetically 
treated steel, but because they show the changes in terms 
of Vickers hardness, yet show no increase of hardness 
during ageing immediately after quenching. Important 
changes are known to occur in this particular steel when 
freshly hardened ; the steel passes through a ductile phase 
similar to that illustrated in Fig. 1, and the pendulum 
shows a fluctuating rise from 54-9 to 60-4 in 23 hours. 

The absence of age-hardening after quenching in the 
Vickers’ tests of Widdas, in relation to the pronounced 
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increase in the pendulum hardness, and a definite though 
small increase in the Rockwell hardness (Steinberg and 
Subow*) raises an important question as to the relation 
between the “ hardnesses *’ measured by different systems 
of testing. A distinction is to be drawn between the 
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Fig. 9.—-Fluctuations in hardness of high-speed steel, measured 
by Rockwell and Pendulum methods respectively. 
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Fig. 10.—Nickel (99-55% purity) heated quickly to 500° C. 
Hot hardness tests at 3-min. intervals, 


pendulum test, which measures hardness under full load 
and takes account of changes in the elastic properties, and 
those of the Brinell type, which rely on measurement of 
plastic deformation remaining after the load has been 
removed, There is evidence that the ageing changes in 
steel are mainly though not exclusively changes in the 
elastic properties, and are for this reason more clearly 
indicated by tests which measure “elastic hardness.” A 
further example is shown in Fig. 9, where the fluctuations 
of Rockwell hardness induced by magnetic treatment, are 
plotted against the similar but much greater changes in 
“elastic” hardness measured with the pendulum. In 
these experiments, published by Harrington, the magnetic 
conditions were not specified, and the form of the curve 
indicates that too strong a field may have been used. 
Hardness changes following magnetic treatment of various 
metals have been observed by Mahoux,® using the Brinell 
test, while marked fluctuations in the hardness of steel 
have been described by Hengstenberg,? who employed the 
Rockwell, Firth, and Scleroscope tests. 


Periodic Fluctuations in Pure Metals. 


A series of experiments was carried out on very pure 
metals, nickel, iron, and gold, the intention being to study 
the fluctuations induced under conditions of the simplest 
character, avoiding the various transformations which are 
liable to occur in complex alloys. 


4 8. Steinberg and W. Subow, - Ueber die. Alterung des Geharteten Kohlenstoff- 
stahles, Stahi Bisen, vol. 51, part 2, p. 911. 
5 Harrington, R. H., “ Rockwell Hardness Unchanged by Magnetic Treatment,” 


6 Mahoux, M. G., “ Durcissement Electromagnetique superficie! des Alliages, 
Science et Industrie, en vol, 16, p. 408 and p. 459. 
7 Hengstenberg, *'Schwankungen in den Ergebnissen der Hiirtemessung bei 


gebirteten Stable, ” staht und Hisen, 1933, vol, 53, part 1, p 
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The object of the experiments was to elucidate the 
following :— 

The character and periodicity of any hardness 
changes in hot metals, below the temperature of 
recrystallisation. 

The change of hardness on quenching, and the 
subsequent ageing changes. 

The ageing changes after severe deformation by 
rolling or compression. 

The ageing changes after magnetic disturbanee. 

Typical results of these experiments are shown in Fig. 10, 
hot hardness fluctuations; Fig. 11, quench fluctuations : 
Fig. 12, fluctuations after rolling; Fig. 13, fluctuations 
after magnetic treatment. Figs. 14 and 15 show the 
fluctuations induced in pure gold by mechanical deforma- 
tion and by heat respectively, and the effect of magnetic 
stabilisation of this metal. 


Summary. 


The general conclusions to which these experiments point 
are as follows: When any metal is heated its hardness 
decreases, but is not stable. Fluctuations of a periodic 
character occur in the hot metal, the periodicity generally 
falling between the limits, 24 mins. per cycle (in gold) and 
50 or 60 mins. (in duralumin and high-speed steel). When 
the metal is cooled—whether quickly or slowly makes 
little difference,—the fluctuations persist, and their 
periodicity is at first that of the hot metal, but they 
gradually slow down to a periodicity of about 6 hours 
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Fig. 12.—Nickel (electrolytic, 99-971% purity), rolled down 
from 0.198 in. to 0-018 in. (91% reduction). Aged to first 
maximum ; cut in two; one half stabilised for 6 mins. in 
constant field. 


per cycle, and eventually damp out, in the course of 30 
hours or more. The fluctuations may be to some extent 
masked by a superimposed change of hardness, due to a 
transformation such as the austenite-martensite change in 
high-speed steel, or by precipitation in the age-hardening 
aluminium alloys, but the periodic fluctuation is entirely 
independent of ‘such transformation. 

If the metal, after attaining stability, is heated again, as 
in the artificial ageing of duralumin or high-speed steel, 
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the fluctuations reappear, and again damp out. The pro- 
cess can be repeated ad libitum. 

When a metal is deformed by cold work—rolling, com- 
pression, drawing, or Cloudburst bombardment of hard 
steel—it is set in a state of fluctuation, the periodicity of 
the fluctuations being generally of the order of 6 hours per 
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Fig. 13.—-Nickel (99-971% purity), given one turn in 40 secs, over 
3mm. magnet gap. Aged to maximum ; cut in two ; one half 
stabilised for 6 mins. in constant field, 
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Fig. 14.—Gold (99-995% purity) rolled down from 0-1875 in. 

to 0-0105 in. (94-5% reduction.) Half of specimen stabilised 

at first minimum, Annealed and cold-rolled specimens tested 
after ageing for 2 days. 
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cycle, as in metal which has been aged after heating and 
cooling. 

If a metal is subjected to violent magnetic disturbance, 
by rotation or translation over a narrow gap in an electro- 
magnet, it is likewise set in a state of fluctuation. The 
periodicity of the magnetic fluctuations is generally rapid 
at first, as in metal which has been recently heated and 
cooled. The fluctuations slow down and damp out, but 
often display a greater sluggishness than those induced by 
heat or by mechanical work, so that by selecting suitable 
magnetic conditions the metal may be brought to stability 
after one or two cycles, at a higher or a lower degree of 
hardness than it originally possessed. When stability has 
been attained, the fluctuations can be reinduced by a 
repetition of-the magnetic treatment, and this can be done 
again and again. In setting up fluctuations by magnetism 
the field strength is of vital importance, but the speed, 
duration, frequency, and number of repetitions of the 
magnetic disturbance have little influenée on the result. 

Stabilisation of the periodic fluctuations can be effected 
by placing the metal in a constant magnetic field 
for 1 min. or more. The effect of magnetic stabilisation is 
precisely the same, whether the fluctuations were originally 
induced by heat, by mechanical working, or by magnetism, 
and it is operative in magnetic and non-magnetic metals 
alike. A metal stabilised at a maximum phase attains 
stability above that maximum, if at a minimum phase, 
below that minimum. Violent temporary fluctuations are 
set up by a sudden application of the stabilising field, but 
are avoided if the field is applied and weakened gradually 
with a rheostat, 
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The similarity of the fluctuations induced by heat, by 
mechanical deformation, and by magnetism, and the fact 
that a'l are susceptible to magnetic stabilisation, suggest 
that they are essentially alike or identical, and that they 
connote a fluctuating change in the electromagnetic force 
of cohesion which is the ultimate basis of hardness. The 
reversible changes of hardness which occur when metal 
is alternately heated and cooled below the annealing 
temperature, is probably a cohesion change. It is currently 
believed to be a function of thermal expansion, but 
experiments with invar, which shows a reversible hardness 
change of 7°% per 100° C., though it is immune from thermal 
expansion, appear to negative this theory. The slip- 
interference theories of work-hardening may require some 
amplification. Changes in the cohesion between the slip 
planes would account for many of the observed changes of 
hardness in metals, including those which accompany 
changes of temperature, and cold work, and they would 
account also for the hardness fluctuations which occur 
during ageing after any violent disturbance of the metal 
structure. 

The ageing changes in metals are conveniently traced by 
serial hardness tests at very short intervals, but changes 
of hardness may be only symptomatic of changes in other 
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Fig. 15.—Gold, previously rolled down, giving 88% reduction 
in thickness, placed in furnace at 76° C., and given two hot- 
hardness tests every 3 mins. for 1} hours. Quenched ; 3-min. 
hardness tests continued on cold specimen ; half the specimen 
stabilised for 15 mins. in a field of 26,500 gauss, 


physical properties associated with hardness, and of even 
greater practical importance. The increased efficiency 
of cutting tools due to magnetic treatment is not usually 
associated with greatly increased hardness, and is in fact 
only brought about by a subsequent annealing or artificial 
ageing process. The effect of artificial ageing may be either 
a considerable increase or a decrease of hardness, and it has 
been found possible to produce different effects at will by 
varying the duration of the ageing process, having regard 
to the periodicity of the changes which take place during 
the treatment. 


Effect of Structure upon Elasticity and 
Tensile Strength of Cast Iron. 


For brittle materials for which Hooke’s law does not hold 
good, such as cast iron and stones, H. Schlechtweg has 
formulated a new law of elasticity which, for the tensile 
test, reads as follows :— 
o ] 
© 7 ° F) 
E 1 — (B + Cv3).c 

where ¢€ is the absolute strain, ¢ the stress, E the modulus 
of elasticity, and B and C new material characteristics. 
From the derivation of the law it follows that the tensile 
strength is solely dependent on the value (B + Cv), 
and not on the modulus of elasticity. Tensile tests and 
microscopic examinations carried out on a cast iron con- 
taining carbon 3-46, silicon 0-82, manganese 0-54, phos- 
phorus 0-098, and sulphur 0-09%., showed that the 
modulus of elasticity is only dependent on the graphite 
content, and decreases with increasing graphite content 
or increasing fineness of the graphite flakes. The value 
(B + Cv) increases with increasing ferrite content, 
particularly with the number of the smaller ferritic areas. 
(Archiv fiir das Eisenhiittenwesen, May, 1933.) 
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Changing Rolls in Mills 


The operation of roll changing frequently occupies much valuable time, and two methods, from 
many devised—designed with a view to speeding up the operation—are briefly considered in this article. 


difficult one, and various efforts have been made 

from time to time to design the roll housings in such 
a way as to facilitate changing, and thus limit the time 
during which the mill is inactive. The importance of a 
quick change is appreciated, particularly when orders are 
relatively small and a frequent change of rolls is necessary. 
In such cases speed is often essential, not only to make 
fuller use of the mill, but also to expedite the delivery of 
the orders. The rolling technique employed, and the type 
of mill used, control the speed of production during the 
actual time of rolling; it is usually during the time the mill 
is inactive, awaiting rol! changing, 
that the greatest loss of time is en- 
countered. 

Several methods have been devised 
to overcome this difficulty. Few, how- 
ever, have been accepted as practicable, 
but a recent development in this 
direction is exceedingly effective in 
speeding - up and simplifying roll 
changing. In this design the roll housing 
is constructed as a unit and is held 
down on to flat and tapered seats on a 
bedplate by four swing bolts. This 
method enables change stands to be 
prepared with suitable rolls so that 
jmmediately a change is required the 


"Tra problem of changing rolls has always been a 


if 


housings of each stand are tied together top and bottom by 
exceptionally rigid stretchers. The bottom stretchers have 
smooth sloping inner faces which form the upper part of 
scale sheets. By thus rigidly coupling the housings together, 
while keeping the caps apart, the transmission of roll and 
thrust loads through the cap joints is avoided. 

The whole of this mill, including the beds, is of steel, 
with the exception of bronze screw boxes and cast-iron 
worm-wheel housings, and it is of interest that all parts are 
joined together by bolts, no studs being employed. 

The complete operation of changing the rolls in this mill 
has been carried out in the relatively short time of 35 mins., 





Fig. 2.—Two illustrations showing a convenient method of roll changing by means of 





Fig. 1.—The roll housing constructed as a separate unit which is fitted and secured 
to a bedplate. 


stands in use are removed from the bedplate and the 
change stands fixed in position. 

The illustration, Fig. 1, shows two finishing stands of a 
section finishing mill of this type, designed by Duncan 
Stewart and Co., Ltd., Glasgow, which were recently 
installed at a large steelworks. Specially designed to 
facilitate roll changing, these stands are extremely rigid, 
as the top of the bedplate is only 5 in. below the normal 
bottom roll centre level. This short distance between the 
roll level and the bedplates naturally gives great rigidity 
to the mill in the direction or the driving torque. [he two 


a guide runner and a worm-geared lifting block. 


the only operations being to uncouple 
the spindles, slacken the hedplate bolt 
nuts, swing back the bolts, and engage 
hooks cast on the top cross girders with 
special lifting tackle supplied with the 
mill. The whole stand is then lifted out 
and a change stand, having previously 
been set up on a separate erecting bed, 
is put in place by a reversal ot the 
procedure. 

A useful device tor removing rolls as 
well as putting new ones in position is 
applied to all the cold-rolling mills 
manufactured by Victor Bauer, Germany, 
and supplied in this country by the 
Johnson Metal Company, Ltd. As will 
be seen in the illustrations, Fig. 2, the 
main features ot this device are a pair of runner guides, 
a carriage, and arrangements at the top of the stand 
to accommodate a cylindrical jib for carrying a worm- 
geared lifting block. The method does not in any way 
interfere with the rigidity of the mill, and yet it 
provides a simple and practical solution to what is 
invariably a time-consuming operation. The method has 
the additional advantage of being economical, since 
the additional cost involved is relatively small by com- 
parison with the extent to which it facilitates the changing 
operations, 
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Some Investigations and Observations Principally 
on the Strength Properties of Cast Iron’ 
By J. E. Hurst. 
In an endeavour to promote greater uniformity in regard to strength 
properties of cast iron, the author discusses methods of determining 


the stress strain ralationship, the value of the modulus of elasticity, 
and its relation to the chemical composition of cast iron. 


stress/strain relationship on specimens subject to a 

simple stress, such as a tensile stress rather than a 
compound stress as in the case of bending. In the case of 
cast iron, the practical difficulty of the measurement of 
the small strains produced by the application of simple 
tensile stress has led to a preference for the determination 
of the modulus of elasticity by transverse bending. The 
transverse bending of bars of commercial sizes provides 
strains or deflections of magnitudes more easily measured. 
It is open, however, to the same difficulties as are 
encountered in the determination of the modulus of rupture 
by this method. These difficulties in part arise out of the 
complex nature of the stress involved—viz., a combined 
tensile and compressive ‘stress. The difference in the 
behaviour of cast iron under these two stresses separately, 
and the uncertainty of the position of the neutral axis in 
the specimens is partly responsible for the difficulty of 
applying the usual comparative formule. The difficulty 
can be overcome partly by carefully standardising the 
conditions under which the test is carried out. 

Most of the experimental work on the modulus of 
elasticity of cast iron has been carried out under conditions 
of transverse loading, using one or other of the common 
dimensions for transverse bars. The extensive investiga- 
tions of Mackenzie in America have been performed on 
the old standard transverse test-bar of rectangular section, 
2in. xX lin., tested at 24-in. centres. Mackenzie used 
two alternative methods of calculating the modulus of 
elasticity based upon the measurement of the deflection 
at an arbitrary loading of 1,000 lb., and the deflection at 
the final breaking load of these bars. 

A modified form of transverse loading test is employed 
in the determination of the modulus of elasticity of cast 
iron to meet the requirements of the British Engineering 
Standards Association specification for piston-ring material. 
According to the requirements of this specification for 
aircraft material (4 K 6) a test ring is machined from the 
casting. The elasticity is determined on this ring in 
accordance with the following instructions : The thickness 
of the test ring shall not be less than the diameter (uncut) 
divided by 34, and a piece shall be cut out of the ring so 
as to leave a free gap of not less than 2-75 ¢t, and not more 
than 3 ¢. The width (6) and the radial thickness (¢) shall 
then be determined, and a diametral load (Q,) lb. sufficient 
to close the gap to less than 0-25 t, shall be applied. The 
change in gap (8,) and the mean external diameter of the 
closed ring (d) shall be measured. The elasticity or E N 
value can then be calculated from the following formule, 
according to whether diametral or tangential loading has 
been applied to the ring :— 


‘eer it is preferable to determine the 


5-37 {¢—1}3 x Q, 





E N equals it for diametral loading. 
1 
4 L) be dl .-) d 
5-37 x 2-63 {7—1}Q, 
E N equals bs for tangential loading. 
1 


It is recommended that the mean external diameter of 
the ring in the closed position shall be calculated from the 
measurement of its circumference taken by means of a 


* Continued from page 180 in the October Issue. 





calibrated tape, and in order to remove a degree of per- 
manent set from the ring, the change of gap shall be 
measured on a second test—viz., after the ring has been 
closed once, allowed to open, and again closed. 

The method of tangential loading is usually carried out 
by means of an oiled wire or tape wrapped around the 
ring, which is suitably supported in a clamp. The for- 
mulgz above have been derived from an extension of the 
theory of bending of curved beams, and it will be noted 
that the property of elasticity is designated the E N value, 
differentiating this from the strict definition of the modulus 
of elasticity.. The modulus of elasticity values obtained 
on cast iron by this method when compared with the 
modulus of elasticity carefully determined under the 
application of simple tensile stress, are found to be slightly 
higher. 

The Modulus of Elasticity and the Constitution of 
Cast Iron. 

The value of the modulus of elasticity varies over a 
wide range, according to the character and quality of the 
cast iron. Values have been recorded by different observers 
varying from a little over 3 x 10° lb. per sq. in. up to well 
over 30 x 10%lb. per sq. in. It is of some industrial 
importance to endeavour to ascertain the nature of the 
factors which influence this property. 

A study of the published results from different sources 
reveals an interesting observation on the influence of the 
condition of the iron on the modulus value. A reference 
to the figures obtained in the now classical investigations 
by Professor Turner, reproduced in Table IV., shows the 
modulus figure for the iron in the white condition to be 
uniformly high. The maximum value of over 31 x 10° lb. 
per sq. in. associated by Turner with the 1-0% silicon 
content, occurs on a white iron, and the whole of the 
white iron bars in this series have a modulus of elasticity 





























TABLE IV. 
| | 

Total | Graph- | Comb. Modulus of 
No. | Carbon, ite, Carbon, | Silicon, | Mang. | Sulphur,) Phos., | Elasticity, 

o “i | 0 . o ‘. 0, 2 o o * cu " Lb. per 

° o o ° o Oo o 

Sa. In. 
1 1-98 0-38 1-60 0-19 0-14 0-05 0-32 25, 790,000 
2 2-00 0-10 1-90 0-45 0-21 0-05 0-33 28,670,000 
3 2-09 0-24 1-85 0-96 0-26 0-04 0-33 31,180,000 
i 2-21 0-50 1-71 1-37 = 0-05 0-30 23,500,000 
5 2-18 1-62 0-56 1-96 0-60 0-03 0-28 23,560,000 
6 1-87 1-19 0-68 | 2-51 0°75 0-05 0-26 | 25,450,000 
7 2-23 1-43 0-80 | 2-96 0-70 0-04 0-34 21,150,000 
8 2-01 1-81 0-20 | 3-92 0-84 0-03 0-33 15,640,000 
9 2-03 1-66 0°37 4°74 0-95 0-05 0-30 18,720,000 
10 1-86 1-48 0-38 7°33 1-36 0-03 0-29 14,750,000 
ll 1-81 1-12 0-69 9-80 | 1-95 0-04 0-21 13,930,000 

| 





of over 23 x 10%lb. per sq. in. In many respects the 
values obtained for the grey irons in this series—i.e., from 
1-96 to 3-92% silicon content, are remarkable for their 
high values. This is true even in spite of the low total 
carbon contents associated with these irons. In view of 
what follows, it is of importance to remember that these 
bars were prepared by melting in crucibles siliceous pig 
iron and wrought iron. The melted mixtures were poured 
into ingots and subsequently remelted and cast into 
test-bars. 

A very extensive series of modulus determinations on 
cast irons of various types has been included in the in- 
vestigations into the influence of phosphorus on cast iron 
(J. T. Mackenzie, Proc. A.F.A., 1926). These results have 
been examined, and all the values of 20 x 10® Ib. per sq. in. 
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and over abstracted. These abstracted results are given 
complete in Table V., from an examination of which it 
will be seen that the whole of these irons are white, or at 
least very hard mottled irons. These results amply confirm 
the high values to be expected of cast iron in the white 
condition. The values of the modulus of elasticity given 
in Table V. are all calculated from the deflection measured 
at the ultimate breaking load. 
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vice versa. The degree of scatter, however, is so wide that 
at the very best this relationship can be considered of a 
very broad nature only, so broad in fact as to offer 
very little assistance as a control over the modulus. It is 
of interest to observe that the degree of variation from the 
straight line relationship between these two quantities is 
noticeably greater in material, having moduli of 18-0 
million lb. per sq. inch and over than in material of lower 

values. It is probable 
. that this apparently 














rABLE V. 

| 
Set Mixture Total Gr CA si, | Mn P | 
No. | Carbon, | , 0 o o. % 

o 
| * 
289 Steel ' test | Oot 1-75 0-04 0-24 | O-124 
337 | S eel B21 | 0-35 2-86 | 0-80 | 0-26 | 0-192 
92 70% steel 2-72 O-07 2-65 | O-89 0-16 0-103 
w | 60% steel 2-05 | O-ll 1-94 1-19 0-24 0-64 
19 Steel 2-02 | O-30 | 1:72 1-13 0-36 0-192 
222 Steel 2-23 O-27 | 1°96 1-40 0-27 O-113 | 
93 75°, steel | 2-13 0-04 2-09 1-59 0-22 0-111 
a Steel 2-34 0-32 | 2-02 1-64 0-40 0-126 
91 65% steel |} 2-35 | O-11 2-24 1-71 0-20 0-116 
228 Steel 1-70 | 0-19 1-51 1-71 0-29 0-102 
125 Steel 1-70 0-14 1°56 1-76 1-08 0-184 
327 Steel 1-96 0-30 1-66 1-86 1-04 0-105 
88 0% steel | 2-08 0-14 1-94 1-96 0°35 0-102 
124 Steel | 1-72 0-18 1-54 2-02 0-94 | 0-228 
96 75% steel 2-23 1-32 0-91 2-46 1-24 | O-117 
| | 











| ° e 
Modulus of} Ratio, | Total closer _ relationship 
P. iasticity, Mn, ‘arbe 3rinell, 
*” sition Tb. . phe B78 — between the two factors 
per Sq. In. in the lower ranges of 
1-80 23-0 1-9 1-82 477 modulus is more a re- 
oa | a . : a = flection of the physical 
0-64 22-9 2-1 2-48 37 or structural c ondition 
“16 26°5 oe | 2° on ° 
0-10 27: 2-4 2-60 366 of the material than a 
+ 2 ae — real intrinsic relation- 
6-98 24-3 1-7 2-92 pen ship between the two 
-12 25-9 2- 2°37 336 
0-07 24-6 5-9 2-29 363 factors. 
ohn | He 3-4 :- 73 oor It is not unreason- 
0-09 22-9 4-1 330 able to anticipate, in 
0-97 21-8 10-6 327 . ° 
| spite of this, that the 

















An examination of the remaining members of Mackenzie’s 
extensive series, all of which are grey irons, show modulus 
figures varying from the low value of 5-8 to a value in the 
neighbourhood of 18-5 million lb. per sq. in. The mean 
value would appear to lie between 10 to 12 million Ib. 
per sq. in., and the high values, with one or two exceptions, 
are accompanied by high combined carbon contents and 
high hardness values, indicating an approach to the 
mottled and white conditions. A few typical results ex- 
tracted in Table VI. will serve to illustrate this point. 

The modulus of elasticity values calculated from the 
deflections measured at an arbitrary standard load of 
1,000 lb. are naturally higher than those calculated on the 
deflection at the ultimate load. The mean value of grey 
irons under the former conditions in Mackenzie’s tests 
would appear to lie between 12-0 and 15-0 million |b. 
per sq. in. 








TABLE VL 

- | y zy , 
x Alfie S| 
Set | Total) Gr., | C.C., Si, Mn, 8., Pp, 2 .~ jsonu| @ 
| oiled Hed Mihai 
13 | 3-73 | 3-32 | 0-41 | 2-40 | 0-80 [0-061] 0-45 5-8 |13-1 | 4-53 | 157 
1s0 1-30 3-38 | 0-92 | 0-90 | 0-46 | 0-080 | 1-48 6-8 i-9 1-60 163 
936 | 3-09 1-82 1-27 1-95 | 0-38 10-189) 0-08 17-3 2-0 3-74 | 251 
23 | 3-50 2-91 | O-63 | 2-14 | 0-46 [0-050] 0-65 10-9 9-2 1-21 187 
$24] 3-55 | 3-02 | 0-50 | 2-16 0-47 10-049) 0-65 10-4 9-6] 4-27 | 185 
240 | 3-75 2-1 | o-o4 1-36 O-6l }O-1T22) 0-05 2-5 5-6 4-07 202 
48 | 3-22 | 2-73 | O-49 | 1-60 | 0-40 10-108] 2-48 12-2 3-7 13-75 | 223 
183 3-76 | 3-05 | 0-71 | 1-30 0-34 |0-057] 1-37 12-1 6-0 | 4-19 | 217 
207 2-92 1-0) | 1-02 1-54 | O-34 [O-098) O-41 14-9 3-5 | 3-43 | 225 

| i 


The Chemical Composition and the Modulus of 
Elasticicity of Cast Iron. 

In the consideration of the relation between the chemical 
composition and any of the physical or mechanical pro- 
perties of cast iron, it is important to distinguish between 
the chemical composition itself and its structural influences. 
As is now perfectly realised, structural changes in cast iron 
can be brought about by means other than the chemical 
composition. It appears highly probable in so far as the 
modulus of elasticity is concerned, that the influence o 
the structural changes is predominant and the intrinsic 
influence of the chemical composition within commercial 
limits is very small. In examining the large number of his 
results, Mackenzie has endeavoured to show a relationship 
hetween the modulus of elasticity and a composition factor 
in the shape of the total carbon plus one-third of the silicon 


Ss . , 
>, On plotting the moduli 


i.e., (total carbon +4 3 


content 


Si 

3 
group themselves about a straight line inclined to the 
ordinates, and suggesting a relationship that the higher the 


results and the (total carbon ), the numerous results 


Si 
modulus the lower the value of (total carbon + 3) and 


carbon and silicon con- 
tents would be associated with changes in the moduli values. 
These two elements exert generally a marked influence on the 
structural condition of the free carbon, and are largely 
responsible for whether a particular specimen is white or grey 
in character. White irons have higher moduli than grey irons 
and steel or low carbon iron-carbon alloys similarly have 
higher moduli. Broadly, therefore, in so far as the effect of 
a change in the amount of these elements is towards the 
production of a white or grey iron, or in the direction of 
steel, so they may be expected to be accompanied by an 
increase or decrease in the value of the modulus of elasticity. 
In this connection the results given in Table VII. are of 
interest. 


TABLE VIL. 

















Total Comb. | EN Value | Tensile 
Carbon, | Carbon, | Silicon, |Manganese,| Sulphur, | Phosphorus,) Lb. per Tons 
%o- %o- %- "0 Yo o Sq. In. x per 

| 106, Sq. In. 

t-O4 | © 52 2-04 O-82 0-047 16-43 20-38 
64 0-61 2-02 0-78 0-05 16-43 19-4 
S47 0-52 | 1-80 | 0-53 0-068 18-83 21-3 
3-46 0-62 | 1-84 | 0-49 0-068 18-65 22-7 
3-30 0-55 | 2-06 | 0-78 0-076 17-55 20-4 

_ j — — — ' | ——_ - 
3-15 0-59 1-94 | 0°55 0-108 0-78 | 16-4 19-2 
3-14 0-56 | 2-18 0-68 0-075 0-80 17-9 18-6 
3-13 | 0-62 | 2-00 0-56 0-119 0-71 16°35 | 19-7 
3-08 | 0-60 | 2-3 0-64 0-083 0-76 17-0 19-2 
3-07 0-54 2-06 0-43 0-109 0-72 17-45 21-3 
| 





These are taken from a series of experiments with the 
object of ascertaining the effect of total carbon content 
reduction on the modulus of elasticity. The specimens 
show a decided drop in the total carbon content with little 
or no change in the combined carbon content. This drop 
in total carbon content under these conditions does not 
appear to be accompanied by any change in the EN value. 
A rearrangement of the figures in the tables will show 
similarly that a slight reduction in the silicon contents 
is likewise without any serious effect on the EN value. 


These figures, within their limits, lend some support 
to the view that unless the change in composition in so far 
as total carbon and silicon contents are concerned, is 
accompanied by a change in structure either in the direction 
of a whiter or a greyer fracture, its influence on the EN 
value is not very great. It is probable that the same 
considerations apply to the elements manganese and 
sulphur, and in the quantities usually present in com- 
mercial cast irons any influence exerted by them will 
depend entirely on their influence on the structural con- 
dition. The case of phosphorus is somewhat different. 
The presence of this element introduces a distinct structural 
constituent which, other things being equal, appears to 
have the effect of increasing the EN value. 


(To be continued.) 
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Pickling Iron and Steel 


By William Ashcroft 


Pickling is a process in which so many controlling factors are involved that proper 

results can only be obtained when the conditions have been standardised for the 

particular base metal to be treated. Of these, the author states, the temperature and 
strength of the acid bath are most important. 


the pickling of iron and steel is now given much 

more serious consideration, and the improved results 
achieved in modern practice is due in no small measure 
to the study given to this subject. It is now recognised 
as One of the most important aids to manufacture, and the 
discouraging conditions which formerly existed in many 
plants and which were responsible for irregular results 
have been gradually, though not entirely, eliminated. 
Modern thought and progress, particularly in effecting 
improvements in equipment and in the control of the 
operations, have led to considerable increase in efficiency, 

Pickling is a process adopted for the removal of scale, 
oxide, rust, and other foreign substances from the surface 
of metals, by immersing them in acid solutions, and the 
acid solutions, their strength, the temperature at which 
they are used, and the time during which the base material 
is subjected to the pickling process, are all important 
factors. Production and tank capacity influence the 
pickling solution strength, but under standard conditions 
these are more or less constant. The operation of pickling 
can be speeded up or slowed down by varying the strength 
of a solution. This is frequently necessary to co-operate 
with other departments in the speed of production, but it 
is not good practice to exceed an 8 to 10°%, sulphuric-acid 
solution. Beyond this point appreciable quantities of acid 
are lost, and the operation becomes uneconomical. For 
ordinary purposes, a strength of 4 to 6°% acid will pickle 
the average work in 30 to 40 mins., the pickling time being 
dependent upon the temperature of the solution. 

In a process containing so many controlling factors, 
proper results can only be obtained when the pickling 
conditions have been standardised for the particular 
base material to be treated, and one of the most important 
of these is the temperature of the pickling bath. There are 
certain difficulties in standardising the whole process, but 
standardising and controlling the pickling-bath tempera- 
ture is not only possible, but extremely practicable. It is 
in this direction particularly that progress has been made, 
and has been emphasised by the condition of acid brittleness 
in many steels tested after pickling under unsuitable 
pickling conditions. Most pickling departments operating 
under modern conditions are equipped with recording 
thermometers, as well as titrating sets and similar equip- 
ment, and few executives responsible for the department 
are unable to make a volumetric analysis, consequently the 
pickling gives regular results, and is economical in the 
consumption of acid. 

Although mention has been made of the fact that the 
strength of a solution may be altered, as with the tempera- 
ture, it is much better to standardise the strength of the 
acid bath to obtain regular results. Good pickling can be 
accomplished with economy, but control of the acid content 
of the bath is essential. 

Pickling the surface of metals is, of course, an operation 
preparatory to the application of some protective coating. 
It is distinct from the operation of cleaning, which refers 
more particularly to the removal of oil, grease, sand from 
castings, etc.; the operation is concerned primarily with 
the removal of rust and scale, and it is necessary that other 
foreign matter is removed before pickling can be successfully 
accomplished. Thus, for successful pickling of iron and 
steel, it is necessary to clean the material, and various 


Pte picts one of the most neglected operations, 


processes are required according to the kind of material 
and its condition. Thus, for instance, the materials used 
and the method of pickling for steel are different from those 
for iron. Cleaning steel is generally accomplished by 
placing it in a solution of caustic soda, caustic potash, or 
some commercial cleaning compound. When the material 
is to be enamelled it is usually dipped in a solution of 
hydrochloric acid and heated in a furnace just sufficient 
to burn off any oil or grease and produce a thin coating of 
scale on the steel. Iron castings, on the other hand, must 
be freed from sand, which is always to be found on the 
surfaces to a more or less degree. To facilitate thorough 
cleaning, the castings should be sand-blasted, and the 
utmost care must be exercised, otherwise trouble will 
develop when galvanising or enamelling. 

In order to be sure that all sand and slag is removed 
from the surface of castings, it is frequently necessary 
to dip them in an acid bath containing hydrofluoric acid, 
which is the only acid that interacts readily with sand. 
A suitable solution consists of five parts hydrofluoric acid, 
six parts hydrochloric acid, and sixty parts water, and if the 
temperature of this solution is maintained at about 130° F. 
the castings in it will be pickled in about one hour. It 
should be kept in mind, however, that the use of sand- 
blasting apparatus for the removal of sand is much more 
economical than acid, as a large waste of acid is incurred 
if excess of sand in pockets and corners of castings is not 
removed before the castings are placed in the bath. If 
the castings are to be galvanised after pickling, they are 
usually dipped for a minute or two in a hot muriatic 
solution to facilitate drying before they go into the zinc 
bath. 

Probably the largest single class of material pickled is that 
of tin-plate. Because of the enormous amounts now 
manufactured and the comparatively small margin between 
profit and loss, it has been necessary to study the control 
and economy of the pickling operations. The operation is 
invariably a continuous one, and attention has been given 
to the speed of pickling as well as the other important 
factors already mentioned. The equipment employed is 
specially designed for this particular production, and a 
mechanical arrangement for passing the plates through the 
various baths is an economic necessity. Such a machine, 
which will raise and lower the plates in the bath at a rate 
ranging from 20 to 30 per min., is an economical one for 
pickling. Such a speed, operated steadily, will keep the 
acid-bath air saturated, agitated, and thoroughly mixed, 
gives an advantageous washing action, facilitates scale 
removal, and tends to smooth out the action of the acid, 
reducing the possibility of pitting and etching. The acid 
bath is more effective when its temperature is raised to 
about 180° F., thus the same quantity of acid heat to about 
this temperature will pickle more sheets than when the 
bath is used at atmospheric temperatures, and the differ- 
ence is such that it is more economical to use heat, since 
a considerable saving in acid is obtained. It is customary 
to raise the temperature somewhat as the acid becomes 
old, but it should be remembered that a clean bath is 
necessary to prevent pickling stains. 

Pickling should be speeded up as fast as is consistent 
with the removal of all scale and oxides : in this way there 
is less likelihood of embrittlement of the steel sheets or 
of pickle blistering. Apart from this, however, quick 
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pickling is more economical, cleaner, and is likely to avoid 
etching. In the case of hot-rolled plates, pickling occupies 
about 6 mins. It is customary to use two baths, the plates 
being moved in each for about 3 mins. As the second or 
finishing bath becomes too heavy, the first bath is renewed 
with fresh solution, and the operation reversed, the new 
bath becoming the finishing bath. For such pickling 
operations the acid contents, the temperature, and the time 
of immersion will depend upon the condition of the plates 
or strips, but with a 3 to 4% acid bath, heated to about 
180° F., an immersion period of 3 mins. in each bath 
should suffice, providing the limiting gravity of the old 
bath is 20° B. The minimum of acid should be used for 
pickling the required amount in the time interval and 
bath temperature used. 





The Electrolytic Theory of Corrosion 


DesPirE much research on the corrosion of metals the 
fundamentals of the problem are not understood, and a 
line of demarcation is still set up between chemical and 
electrolytic processes, said Mr. H. E. Yerbury, M.Inst.C.E., 
M.I.Mech.E., at a recent meeting of the Junior Institution 
of Engineers. He submitted that the electrolytic theory 
covered all phenomena which took place when a metal 
was decomposed and lost its stability. After reviewing 
present-day knowledge of molecular, atomic, and inter- 
atomic forces, valency and osmotic pressure, he briefly 
referred to the acid theory of corrosion, which had held the 
field until the later electrolytic theory was developed. The 
author considered it unfortunate that the manufacture 
and use of wrought iron had almost ceased and given place 
to steel, the former being generally more resistant to 
corrosion than the latter, and in the case of certain struc- 
tures such as coal bunkers, which could not be painted 
internally, the useful life when made of wrought iron was 
more than double that when made of steel. Pure iron was 
remarkably immune from corrosion ; the more impure the 
metal the greater was the tendency to decompose. Cast 
iron and steel were to be regarded as complex mixtures, 
and the production and improvement of alloy steels had, 
the author considered, proceeded far more rapidly than the 
growth of our scientific knowledge regarding them. The 
factors affecting their useful life under the influence of air 
and water were their chemical composition, homogenity, 
and physical condition. Non-homogenity favoured pitting 
and corrosion. 


Solid solubility is the power of one metal to hold another 
in solid solution, being the state in which the atoms of one 
metal are substituted upon the lattice of the other in 
irregular formation, and also when the atoms of the dis- 
solved metal take the place of some of the atoms of the 
solvent metal, thus forming, by substitution, a solid 
solution. X-ray analysis shows the atoms arranged upon 
certain definite networks, and it is this arrangement, 
perfect or otherwise, that determines the atomic power of 
cohesion. The solid solution ranging from pure iron *o an 
alloy containing one or more additional elements will have 
varying electrical properties. The E.M.F. generated 
follows a logarithmic curve, corrosion depends very largely 
on the potential of the solid solution ; the lower this can be 
made the less the corrosion ; in short, the solution pressure 
of solid solution is the deciding factor in producing or 
inhibiting corrosion. Non-ferrous metals and alloys, such 
as brass, copper, zinc, aluminium, etc., in common with 
other metals pass into solution dependent on the electrolyte. 
Specific instances were cited. 





We understand that the Kearney High Speed Tube Railway 
Co., Ltd., intend to promote a Bill in Parlian ent during the 
next session to authorise the construction of a Kearney tube 
between North and South Shields, and to acquire the ferry for 
working. It is proposed that the tube shall be between North 
Shields and South Shields L.N.E.R. Stations. 
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Forthcoming Meetings 





INSTITUTION OF MECHANICAL ENGINEERS. 
Dec. 1. Thomas Lowe Gray Lecture, ‘‘ High-speed Diesel 
Engines for Marine Service,” by H. R. Ricardo, 
B.A., F.R.S. 


NORTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 
Dec. 1. ‘The Electric Welded Ship Peter Campbell,” by 
Norman M. Hunter. 
Dec. 15. “Modern Practice in Ships’ Steering Gears,” by 
W. J. Paulin. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND. 
Dec. 5. “Shipyard Layout and Methods,” by G. Barrie. 
ROYAL AERONAUTICAL SOCIETY. 

Dec. 7. “ Possible Future Development of Aircraft Engines,” 
by A. H. R. Fedden, M.B.E., F.R.Ae.S. 

Dec. 14. “ Light Alloys for Aeronautical Purposes, with 
Special Reference to Magnesium,’’ by Dr. L. 
Aitchison. 


INSTITUTE OF METALS. 
BIRMINGHAM SECTION. 

Nov. 30. ‘‘ Symposium on Defects in Cold-working,”’ arranged 
by A. L. Molineaux. 

Dec. 7. ‘The New Copper Refinery at Prescot,’’ by D. W. 
Aldridge. 

LonpDon SEcTION. 

Dec. 7. “‘A Metallurgist’s Outlook on Modern Foundry 
Productions,” by J. R. Handforth, M.Se. (Joint 
meeting with Institute of British Foundrymen.) 

Nortu-East Coast SEcTION. 

Dec. 12. ‘‘ Additions of Non-Ferrous Metals to Cast Tron,” by 
J. E. Hurst. (Joint meeting with Institute of 
British Foundrymen.) 

ScoTTiIsH SECTION. 

Dec. 11. ‘‘The Use of Fluxes and Slags in Non-ferrous 

Foundry Practice,” by T. Tyrie. 
SHEFFIELD SECTION. 

Dec. 8. ‘Modern Applications of Electric Heat,” by J. C. 
Edwards, B.Sc. 

SWANSEA SECTION. 

Dec. 12. Exhibition of Industrial Films. 


INSTITUTE OF BRITISH FOUNDRYMEN. 
BIRMINGHAM BRANCH. 

Nov. 24. “ Fettling Shop Efficiency,’’ by W. G. Morgan. 
Dec. 13. Discussion: ‘‘ Fabricated Steel Work v. Grey Iron 

Castings.” 

East MIDLANDS BRANCH. 

Dec. 9. “ Welding of Cast Iron and Aluminium,” by H. P. 

Smith. (At Leicester.) 

Dec. 9. ‘Experiments in the Solidification of Alloys,” by 
T. E. Hartley, B.Se. (At Lincoln.) 
LANCASHIRE BRANCH. 

Dec. 2. “‘ Unorthodox Methods of Commercial Moulding 

Sand Control for the Modern Ironfounder,” by 
F. Hudson. (At Manchester.) 
Dee. 12. “ Developments in Foundry Refractories,” by E. J. 
Crawley. (At Burnley.) 
Dec. 6. ‘‘ Some Views of a Practical Foundryran,” by J. G. 
Robinson. (At Preston.) 
LONDON BRANCH. 
Dec. 6. Joint meeting with Institute of Metals. 
Dec. 13. Annual Dinner. 
MIDDLESBROUGH BRANCH. 
Dec. 8. “ Heat-resisting Cast Iron,” by E. Morgan, M.Sc. 
NEWCASTLE-ON-TYNE BRANCH. 
Nov. 25. ‘“‘ Balancing the Elements,’ by F. J. Cook, 
M.I.Mech.E. 
Dec. 12. Joint meeting with Institute of Metals. 
Scottish BRANCH. 
Dec. 9. Afternoon—“ Refractories in the Foundry,” by F. 8. 
Russell. 
Evening—Annual Dinner. 
Dec. 16. ‘‘ Light Castings for Enamelling,” by H. B. McNair. 
(At Falkirk.) 
SHEFFIELD BRANCH. 
Dec. 15. “ Refractories in the Foundry,” by F. 8. Russell. 
MANCHESTER METALLURGICAL SOCIETY. 
Dec. 6. “ Rule-of-thumb and Science in Steelmaking,” by 
H. Brearley. 
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Recent Metallurgical Developments and their Significance 
for Shipbuilding and Marine Engineering 


By Professor F. C. Lea, O.B.E., D.Sc. 


In this survey of metallurgical developments, which constituted the second Andrew Laing Lecture, given 
recently at a general meeting of the North-East Coast Insiitution of Engineers and Shipbuilders, attention was 
directed more particularly to the properties of metals as they affect the engineer rather than to metallurgical 


aspects. 


building of ships and boilers, though not completely 
achieved when Laing joined the staff of Fairfield 
Works in 1877, was fully assured. Since that time ship- 
builders have not ceased to look for other and _ better 
materials, and it is not without interest to inquire what 
recent metallurgical research has done towards the develop- 
ment of better and more economical materials suitable 
for the replacement of the mild steel, which for sixty years 
has been the essential material for shipbuilding, boiler- 
making, and other marine engineering purposes. No very 
serious attempt was made to suggest a new material for 
shipbuilding until about ten years ago, when a high elastic 
limit mild steel was proposed. So-called high elastic 
limit steels containing a higher percentage of manganese 
than ordinary mild steels, have been produced and used in 
shipbuilding ; these steels, when hot rolled at a suitable 
temperature, have a higher tensile strength than mild steel, 
and perceptible yield also occurs at a higher stress. 
A comparison is made between a good class mild steel 
and a high-elastic-limit steel, with the object of showing 


‘ik replacement of wrought iron by steel in the 
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Fig. 1.—-Load straim curve of a gocd class normalised steel. 


to what extent this development meets the requirements 
for structural work in shipbuilding. In Fig. 1, for instance, 
a load-strain curve is shown which has been obtained from a 
good-class normalised mild steel having a breaking strength 
of about 29 tons per sq. in. The limit of proportionality 
occurs at a point which is not far removed from the yield- 
point B. Such steels are practically in the normalised 
condition as they leave the rolls. Curve No. 2, Fig. 1, 
shows the stress at which the poe aged strain is 0-1% 
to 0-5% to be about 16-5 tons per sq. Fig. 2 shows 
corresponding results for a high- hea Fag limit steel, in 
which curve No. 2 shows the elastic portion of the load- 
strain curves with the strains drawn to a more open scale 
than for curve 1. The breaking strength in both directions, 
and the yield point of steel D are greater than for steel A. 
If these two steels are compared from the point of view 
of suitability for structural purposes, and the limit of 
proportionality is taken as the elastic limit and as the basis 
of comparison, steel A is apparently better than steel D. 
If, however, a stress greater than, say, 18 tons per sq. in. 
is specified, at which the permanent strain, after unloading 





The author covers a very wide field, extracts of which are given in this article. 


from this stress to zero, or other specified stress is a fraction 
of 0-1%, or, as alternatives, yield-point or tensile strength 
are taken as indicating the relative values of these steels, 
then steel D is better than steel A. 

Several other forms of comparison are discussed, including 
the failure of steels as struts. The author states that the 
stress at which, under compression, permanent deformations 
that definitely cripple a structure take place, is not very 
different from the stress at which the permanent strain is 
of the order of 0-1 to 0-25%. In Figs. 1 and 2 the stress 
at which this permanent strain occurs is indicated. Fig. 3 


shows: (a) The Euler curve plotted for free-ended struts 

for a value of E of 13,100 tons per sq. in. ; (6) the Rankine 
Cc 

curves calculated from 7 = — wis Tt for valves of 


slike 7. 0 ) 


fe of 16, 24, and 26 tons per sq. in. respectively ; the 
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Fig. 2.—Corresponding results from a high-elastic-limit steel. 


plotted _points x show experimental values for steel D 
obtained from struts } in. wide, } in. thick made from } in. 
black plates. 

These specimens were loaded as axially as possible 
through hard steel balls, but the results showed clearly 
that there was some end friction, and thus, as might be 
expected, the experimental points lie above the Rankine 
curve, but most of them below the theoretical curve 
ABFK;; the line A B being drawn to coincide with the 
stress at which the permanent strain for steel D, Fig. 2, 
is about 0-015%. ‘The experimental points except for steel 
Z all lay below the line C D. 

A series of struts for a mild steel C, Table II., having a 
breaking strength of 30-8 tons per sq. in. and a yield of 
from 20 to 21 tons per sq. in., gave experimental points for 
short struts below the line GH. When 1/k was greater 
than 150, the experimental values were not very different 
for the three steels. A steel with a yield-point as low as 
shown in Fig. 1 would give for short struts points below 
the line E F. 

These preliminary experiments indicate that the failing 
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stress of short struts, of steel D, approximates to the stress 
at which a definite permanent strain is produced in the 
material. For very long struts the failing stress is pro- 
portional to the modulus of elasticity, and therefore no 
advantage is to be derived from the stronger and higher 
yield-point steel. The failing stress for short struts or under 
repeated stresses for steel D can be taken, therefore, as 
being from 20 to 40°, greater than for steel A, and thus, 
if steel D passes other requirements for a structural steel, 


TABLE 1. 


Izod Impact Values 

in Foot Pounds 

three notches on one Average. 
specimen. 


Steel D axis in direction of rolling 47 47 54 49-3 
os I oo GHRGEE co al 34-5 35 36 35-1 
~— {oa o . 9 TW 89 83-0 
- = os QUO a fo 32 39 35 35-3 


TABLE 2. 
SANKEY Tests or STEELS. 








, Sankey Machine. 

Tensile | Elonga- _———_______—_ 
Steel. Strength,| tion, Number |Energy to 
Tons/in.2; %,. of Fracture, 
Bends, | Ft.-lbs. 





D As received ........ 41 28 30°5 2,108 
| Heated at 700° C. for 
20 mins. and cooled 
a “pela | 38 26 44-0 | 2,748 
Z As received ........ | 38 29 44-5 3,012 
Heated at 700° C. for 
20 mins. and cooled 
DM seachesanses 37 28-5 40-0 2,624 
*C As received ........ 30°8 38 19-5 1,340 
Heated at 700° C, for 
20 mins. and cooled 
OR GRP cccccccesees 








- . 36-25 | 2,016 

















*Composition of steel C, Carbon. Manganese. Sulphur. Phosphorus 
Por cont... ....cccses 0-16 0-65 0-049 0-05 





as, for example, if the bend and impact tests are satisfactory, 
and if judiciously used, economies in weight should be 
effected. The impact value of a good normalised mild steel, 
using standard specimens, should be of the order of 80 ft.-1b.; 
but it is well known that very variable values may be 
obtained from a rolled plate. Table I. shows the Izod 
values obtained from the D and Z steels. Three notches 
were made in one specimen, so that one or more notches 
would be perpendicular to the surface of the plate. The 
steel D and another steel Z were also compared with steel 
having a breaking strength of 30-8 tons per sq. in. on the 
Sankey machine. The results from three steels, shown in 


2 


Stress Tons Per Square inch 
a 





Fig. 3. 


Table II., indicate that both the steels D and Z are capable 
of considerable deformation before cracking, and are, in 
fact, much better than the steel C of lower tensile strength. 
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The author appreciates the necessity of determining the 
welding suitability of modern steels for structural purposes, 
and whether the temperature of welding is likely to affect 
their properties in the neighbourhood of the weld. Heating 
steel D to a temperature of 700° C. for 20 mins. lowered 
the tensile strength about 2 tons per sq. in. Heating, 
therefore, at temperatures below the normalising tempera- 
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Fig. 4.—Load strain curve for chromador steel. 


ture for a short length of time does not lower the tensile 
strength seriously, but before new steels are used for welded 
structures it is desirable that careful tests should be carried 
out. 


Alloy Steels for Structural Purposes. 

Alloy steels containing small percentages of copper, 
nickel, chromium, molybdenum, and other alloying elements 
and now being used for many structural purposes. Under 
certain corrosive conditions they have greater resistance 
to corrosion than mild steel and have a higher tensile 
strength at ordinary and at high temperatures. Reference 
is made to one of these steels noted in Table IT. as Z steel, 
the composition of which is given as :— 


% C. % Ma. % Ce. % Cu. 
0-3 0-7 to 1-0 0-7 to 1-1 0°25 to 0-5 
% Si. % Ss. % P. 
0-2 0-05 0-05 


Load-strain curves of this steel are shown in Fig. 4; in 
the direction of rolling, its properties except impact 
values, Table I., are not very different from those of the 
D steel, and it will be interesting to see whether steels of 
this class find an application in shipbuilding. Tests of 
riveted joints, rolled sections, and plates have shown the 
superiority of this steel over that of ordinary mild steel. 

Nickel and _ nickel-chrome steels, with or without 
molybdenum, have been developed during recent years 
for certain structural parts, particularly for the highly 
stress parts of modern machines. A steel containing 2-5% 
nickel and having a strength of 40 tons per sq. in., has been 
suggested for certain parts of large ships. Other steels 
containing from 2-5 to 5% nickel, or 3% nickel, 1% 
chromium, and 0-5 to 0-8% molybdenum can be heat- 
treated to give very variable tensile strengths. The 
addition of molybdenum removes the tendency of the 
steels to embrittle when heated at certain temperatures for 
long periods; without molybdenum continued heating, 
even at temperatures as low as 450° C., embrittles the 3% 
nickel, 1°, chromium steels. The form of the load strain 
and the properties of the nickel and nickel-chromium alloys 
of this type depend entirely upon the heat-treatment given, 
which can be varied to give a wide range. 
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Although considerable economies in weight could be 
effected, the difficulty of using any such steels for boilers 
or for ship construction, not only on account of expense, 
will be apparent, and only by developing special methods 
of design and construction could the steels be used for 
such purposes. Nevertheless, there seems no good reason 
except cost why in certain parts of ships such steels, heat- 
treated to give a breaking stress of 60 tons per sq. in. and a 
limit of proportionality of 36 tons per sq. in., should not 
be used. If this is found practicable, a saving in weight in 
these parts of more than 50%, should be possible. 


Stainless Alloy Steels. 


It would no doubt be of great advantage in shipbuilding 
if non-corrodible steel plates and sections could be produced 
at a reasonable cost. Although at present there seems 
little possibility of producing at an economic cost a ssainless 
steel for a great part of the structure of ships, yet for many 
purposes there seems no reason why stainless steel plates, 
tubes, and sections should not find considerable use for 
constructional and decorative purposes: and for covering 
the ship below the water line, their use at their present cost 
might even be worth consideration. 

A steel which is being made at the present time in the 
form of plates, tubes, strip, etc., and has been used for 
some years for parts of submarines and other craft, and 
should prove particularly suitable for interior work where 
appearance is of importance, contains 18°, chromium, 
8%, nickel, 0-15% carbon, and, for some purposes, small 
percentages of other alloying elements, such as tungsten 
and titanium. Such steels are austenitic, and have there- 
fore no change points above the atmospheric temperature. 
In the fully softened condition they have a low yield-point, 
and creep takes place at low stresses. This material is very 
susceptible to work-hardening, and it is possible to raise 
the tensile strength by cold work after annealing to upwards 
of 55 tons per sq. in. A stress strain curve is shown in 
Fig. 5. 

Heat- and Corrosion-resisting Steels. 

In steam plant, high pressures and superheating tempera- 
tures are being adopted to improve the steam engine, and 
the problem of materials is the controlling factor. In 
boilers, superheaters and engines, or turbines, corrosion 
and erosion, the influence of temperature on the strength 
properties of materials and the possibilities of internal or 
constitutional changes taking place with temperatures and 
time, and producing embrittlement, are of fundamental 
importance. As the pressure is increased, stresses tend to 
increase correspondingly, 
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containing high percentages of chromium or of nickel and 
chromium. The 18% chromium, 8° nickel steel, to which 
reference has already been made, with the possible addition 
of small percentages of titanium, aluminium, or from | to 
3% of tungsten, can be forged, and is a suitable steel for 
tubes and other elements that can be cold worked ; in the 
cast state, after suitable heat-treatment, it has good heat- 
resisting properties, and is being used with success for 
superheater suspenders. Steels of this composition should 
not be forged at temperatures below 950°C. It is recom- 
mended by the makers that, where possible, such a steel 
should be put into service in the annealed condition. Tubes 
can be welded to other classes of steel, and it is possible, 
therefore, to protect those parts of superheaters which 
cannot very well be made of high quality heat-resisting 
steel from actual contact with hot gases by welding alloy 
steel tubes to other tubes outside the high temperature zone. 


Steels for Turbines and other Heat Engine Parts. 

Although the temperature and oxidation conditions in 
turbines, valves, steam-pipe lines are not so extreme as 
in boilers, they are sufficiently high for creep to be possible, 
and in the case of turbine blading both erosion and corrosion 
are not unimportant factors. Cast steels for turbine bodies 
will probably contain from 0-3 to 0-35% C, 0-6% Si, 
0-8%, Mn, and have a tensile strength in the annealed 
eondition of from 32 to 36 tons per sq. in. Such a steel 
at 400°C. should have a limiting creep stress (creep 
10° in. per in. per hour) of 10 tons per sq. in., and at 
500° C. of 5 tons per sq. in. A valve steel containing 0-3 
to 0-45 C, 0-2 to 0-3 Si, 0-6 to 0-8 Mn, 0-25 Ni, 1-0 to 
1-5 Cr, and 0-8 to 1-0 Mo, will give, at 932° F., higher 
creep values, and can be used for temperatures as high as 
1,000° F. 

For bolts, nickel-chromium-molybdenum steels having 
composition approximating to 0-26 to 0-32 C, 0-6 Mn, 
1-25 to 3-0 Ni, 0-4 to 1-2 Cr, and 0-7 to 0-8 Mo, give 
good results, but there is some risk of embrittlement with 
time, even with molybdenum higher than 0-8% unless the 
carbon content is kept low. 

A good deal of research has been directed to the pro- 
duction of alloys for turbine blades. Bronze and _ brass 
and carbon steels were used in the early days of the steam 
turbine, and alloys of copper and nickel. Some years ago 
the author carried out tests on a considerable number of 
alloys, and found that up to temperatures of 450° C. Monel 
metal and nicro-copper (97-8 Cu, 2 Ni, 0-2 Fe, ete.), 
preserved their strength properties better than the brasses 
or bronzes. Monel metal at 450° C. had a quick test tensile 






















































































temperature of the metal be- 
coming very much higher than 





the water, or superheated 
steam. The metal walls, how- 
ever, exposed on the one side 
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to hot gases or to radiant heat 
must of necessity be at a 
higher temperature than the 
steam, and the strength properties of the metals at tempera- 
tures of, say, 50° C. higher than the fluid temperatures in 
contact with them, determine the highest possible working 
temperatures. 

The important heat- and corrosior.-2esisting steels are those 


Fig. 5. 
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-Stress strain curve of an 18/8 chromium-nickel steel. 


strength of 31-5 tons per sq. in., but perceptible creep 
took place at stresses of the order of 11 tons per sq. in. 
5% nickel steels and the stainless steels containing 


12-14% chromium, and from 0-12 to 0-36 C at 450°C. 
have a higher limiting creep stress than mild steel, and 
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they have been used with success for turbine blades ; as 
far as strength is concerned they would probably prove 
satisfactory at temperatures at present used in marine 
practice, but erosion, particularly at the low pressure end 
of the turbine, and other difficulties, have suggested 
research to the end of producing steels which will resist 
successfully high temperatures, that will not corrode in 
steam containing salts, that at the high velocities of the 
blades will not be eroded by condensed water, and will 
not embrittle due to long-continued heating at the tempera- 
ture of the steam. 

A number of alloys containing from 25 to 40°%, nickel, 
10 to 30% chromium, with other alloying metals, such as 
tungsten, have been investigated. Those containing from 
25 to 36% nickel and about 10 to 14% chromium, appear 
to give the best results, and experience is indicating that 
in both land and marine practice alloys of this class are 
well able to resist corrosion and erosion in wet steam or in 
salt-contaminated steam, and are sufficiently strong, at 
temperatures much greater than those as yet practicable 
in the superheaters. As these alloys are austenitic, they 
have no critical points, and no heat-treatments are necessary 
or desirable other than annealing. Like other austenitic 
steels to which reference has been made, they are susceptible 
to cold work, and riveting should be done with as small an 
amount of surplus material as possible. 


Cast Iron. 


After making reference to the embrittling and age- 
hardening of steels and to case-hardening steels and 
nitriding, the author discusses the developments during 
recent years in cast iron, particularly in regard to alloy 
cast irons. Much research work has been done to determine 
the effect of alloying manganese, silicon, nickel, chromium, 
molybdenum, vanadium, titanium, and copper with cast 
iron, and alloys have been developed which, with or without 
suitable heat-treatment, have properties very different 
from those cast irons formerly used. 

Discussing the influence of the alloying elements on 
cast iron, Dr. Lea stated that nickel is generally added to 
grey irons in amounts varying from 0-5 to 4%, and is a 
graphite-forming element. It alloys with the ferrite and 
decomposes the cementite. As both nickel and silicon are 
graphite-forming elements, it is generally desirable, if a 
fine-grained iron is desired, to reduce the silicon as the 
nickel is increased. In the austentic iron the nickel may 
be increased to from 14 to 18°. Chromium is a carbide- 
forming element, and tends to increase the combined carbon. 
Above 1% it increases the difficulty of machining, and 
unless present with nickel, 3°, chromium produces white 
iron. Molybdenum is a carbide-forming element, and for a 
given percentage addition, up to about 1-5% has probably 
more effect on the tensile strength than either nickel or 
chromium. Titanium and vanadium reduce gas inclusions 
and reduce the tendency of iron to grow. Both molybdenum 
and vanadium increase the resistance to wear. Copper is a 
graphite-forming element used principally in the austenitic 
irons of high nickel content. A grey iron of low carbon 
content, containing from 4 to 10°, silicon, developed by the 
British Cast Iron Research Association, has a fine ferrite- 
graphite structure, and resists surface scaling and growth. 
Cast irons of high tensile strength have been produced 
during recent years by the use of alloying elements, by 
controlling mixtures so as to obtain low total carbon con- 
tent, or by heat-treatment. Claims are made that tensile 
strengths of from 30 to 36 tons per sq. in. can be obtained 
from white irons containing from 0-8 to 1-0°, manganese, 
heated for 20 hours at 920° C. and allowed to cool to 600° C., 
reheated at 760° C., cooled to 540° C., reheated to 690° C. 
for 25 hours, and cooled in air. These heat-treatments 
would produce spheroidisation of the cementite, reduce 
the brittleness, and on test a high elongation per cent. 
would be expected. Iron containing less than 2-4% 


carbon and less than 1-4°%, silicon, quenched, heated for 
8 hours at 920° C., air cooled, then reheated to 650° C. for 
15 mins., and oil-quenched, has a nearly uniform pearlitic 
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structure, and gives a tensile strength of 47-5 tons per sq. in. 

To obtain satisfactory results from the alloys of iron 
demands careful control and strict supervision in their 
manufacture, and their use can only be justified in circum- 
stances where full advantage can be taken of their pro- 
perties. Tensile strength or deflection of the test-bar is by 
no means the only criterion of the value of an alloy. A 
regular structure with a hard working face may be required ; 
the addition of from 1 to 2% of nickel and a small percentage 
of chromium gives a more regular structure than ordinary 
cast iron. High carbon chilled irons containing from 4 
to 4-5% of nickel and 1-5°% of chromium having a Brinell 
hardness of 650-700, can be used in the as-cast condition or 
in the heat-treated condition. Alloys with total carbon 
content not greater than 2-6%%, nickel 1-5, and chromium 
0-4%, have a short-time tensile strength, at 650°C., 
greater than 14 tons per sq. in. An austenitic iron has a 
short-time tensile strength of about 7 tons per sq. in., at 
650° C., but its resistance to corrosion and oxidation is 
very much greater than the low nickel-chromium alloys. 
The limiting creep stresses are very much less than the 
short-time breaking stresses, but these have unfortunately 
not been determined. At temperatures of the order of 
450° C. creep of many irons takes place at stresses as low 
as 5 tons per sq. in., but there is no danger of fracture of 
a reasonably good iron at this stress. Low carbon and 
alloy cast irons have a higher creep resistance at this 
temperature than ordinary grey irons. At 800°C. the 
growth, after the same number of heatings, of a low nickel- 
chromium iron is not much less than that of an ordinary 
grey iron, and in some atmospheres may be greater, but the 
growth of the austenitic irons is very small as compared 
with either the plain or low nickel-chromium iron. 


Alloys for Condenser Tubes. 


An important field for metallurgical research, referred 
to by Dr. Lea, is that associated with the problem of 
corrosion and erosion of condenser tubes. The ordinary 
70-30 copper-zine tubes, as is well known, have not proved 
wholly satisfactory either in land or marine practice ; it 
has been claimed that the addition of 1% tin gives a 
better tube. By the addition of a small percentage of 
arsenic, the removal of zine from the alloy was partially 
overcome, but erosion by turbulence at high velocities still 
proved a serious difficulty. The alloys of cupro-nickel, 
already referred to as an alloy of 70% copper and 30% 
nickel, has been successfully used. Aluminium brasses 
and bronzes have also been tried, the former containing 
76% copper, 22% zine, and 2% aluminium. The aluminium 
bronze is an alloy of copper with 10%, or less of aluminium 
and small percentages of manganese, nickel, and iron. 
These alloys are less costly than cupro-nickel, and it would 
be interesting to see how far they prove successful in con- 
densers. There is evidently a field for further research 
in this direction. It has been remarked that stainless 
tubes can be made of the 18 Cr Ni 8 class of alloy steels, 
but these have less conductivity than the brasses and 
bronzes, and if a serious attempt is made to use such 
tubes larger heating surfaces for the same duty will no 
doubt be required. 

In conclusion, the author referred to the remarkable 
series of alloys having special magnetic properties : the Mu 
alloy, with its very extraordinary high permeability, the 
cobalt steels, and the more recent cobalt-aluminium steels, 
with magnetic properties so extraordinary that it is difficult 
to produce electrically magnet fields sufficiently strong to 
magnetise them to saturation, indicate how very limited 
appear to be the ratios of the alloying elements to produce 
almost perfection for certain purposes. The same success 
has not yet been achieved to meet the pressing needs of 
the mechanical and structural engineer, but by well-directed 
research much has already been achieved, and it remains 
with engineers to make the best use possible of the materials 
available, to investigate fully their properties, and to use 
them with knowledge and courage when by doing so 
greater efficiency and real progress can be attained. 
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Reviews of Current Literature. 


Metallurgical Analysis by the 
Spectrograph 

Tuis work describes some experiences of the application 
of the spectrograph to the analysis of non-ferrous metals 
and alloys, and refers particularly to a systematic study of 
spectrographic methods commenced by the British Non- 
Ferrous Metals Research Association about eight years ago. 
Originally an attempt was made to provide an alternative 
to the chemical method for the assay of small quantities 
of impurities in zinc, because of a serious lack of agreement 
which had been encountered between the results of careful 
independent chemical analysis, especially in the case of the 
estimation of cadmium. Spectrographic examination of a 
series of synthetically prepared zine alloys led to the 
development of a satisfactory simple routine method for 
the estimation of small quantities (0-01 to 0-CO1%) of 
cadmium. The method was later extended to include the 
estimation of lead and iron, this being possible from the 
same spectrum. Subsequently it was decided to test more 
fully the possibilities and scope of application of the 
spectrographic method of the determination of impurities 
in other commercially important metals and alloys, such as 
copper, tin, lead, and the B.N.F. ternary alloys of lead 
used in cable sheathing. 

The experience of the Association and the author during 
the years devoted to research on this subject has led to the 
conviction that spectrographic methods of assay are well 
worthy of far more extensive use in metallurgical chemical 
laboratories. As Dr. H. W. Brownsdon states in a foreword, 
a spectrographic examination frequently reveals in a few 
minutes all that the metallurgist wishes to know regarding 
the composition of the metal or alloy examined. If subse- 
quent chemical analysis is considered necessary, then the 
analyst is saved much tedious qualitative work, and can 
proceed without delay to the quantitative estimation of 
those constituents of which the metallurgist is most 
interested. The spectrograph is a proved time and labour- 
saving instrument of the first order, but before its usefulness 
can be fully developed the spectra of metals and alloys of 
known composition must be carefully studied, and the 
results tabulated so that they can be subsequently referred 
to as standards for comparison. It is in this direction that 
this book should prove almost invaluable to metallurgists 
and chemists. It contains a large amount of data collected 
in the progress of the investigations, together with the 
results of much practical experience. 

Both chemical and spectrographic methods have their 
respective spheres of application, but the metallurgical 
chemist will find in the spectrograph not only a means of 
easing his analytical labours and facilitating more frequent 
and more certain control of the composition of materials 
and products than has hitherto been possible, but an 
instrument for solving many of the problems which arise 
in the course of general laboratory investigations and 
research. Simple technique is described in this book which 
will give rapid and reliable approximate estimations, using 
a small-size spectrograph, and arc and spark methods which 
are simple and inexpensive in operation. The book is the 
second research monograph published by the British Non- 
ferrous Metals Research Association, ‘Regnart Buildings, 
Euston Street, London, N.W.1, the author being D. M. 
Smith, A.R.C.S., B.Se., D.L.C. Price 10s. 6d. net. 


The Malleablisation of White Cast Iron 


A RATHER valuable bulletin has been published by the 
Department of Engineering Research, University of 
Michigan, on malleable cast iron. A brief summary of the 
literature and history of the subject forms the introductory 
chapter, a study is then described in which the changes 
occurring during the course of transformation of white iron 
to malleable iron are set forth in detail. The individual 
factors which affect the rate of malleablising are investi- 
gated. The work shows discrepancies in the actual 
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behaviour of some irons from the behaviour which was 
expected. Noteworthy is a new theory of malleablisation 
proposed which attempts to formulate some of the laws 
of graphitisation mathematically, and to explain the 
apparently unusual behaviour of some irons. 

The authors conclude that graphitisation of white irons 
begins at the grain boundaries of the austenite crystals, 
usually at an interface between the austenite and the free 
cementite. In the first stage, annealing above Ary, there ar- 
two forces of graphitisation—viz., (a) a nucleus-forming 
force due probably to the simultaneous reaction of— 

Fe,C———3 Fe + C 
Fe,Si,——->2 FeSi + Fe, and 
(6) a diffusion force resulting in the growth of the nuclei 
due to the deposition of carbon atoms. The carbon atoms 
result from the solution of the carbides in austenite. In 
the second stage, annealing below the Ar,, there is but one 
appreciable graphitisation force : the diffusion force. Few, 
if any, new nuclei are formed. It is possible, however, to 
form nuclei below the Ar,, if irons are heated for long periods 
of time to a single temperature close to, but below, the 
critical. The number of nuclei formed during graphitisation 
is not a characteristic of the composition of the iron, but 
is influenced by (a) the soaking temperature : (5) fluctua- 
tions in temperature during annealing ; and (c) the melting 
and casting practice followed in the manufacture of the iron. 

It is found as a result of the work described in this 
Bulletin that the use of controlled gas atmosphere will 
permit much more rapid annealing because it eliminates 
the use of packing material, and thus permits more rapid 
heating and changing of temperatures. Recommendations 
are given which indicate that annealing can be accomplished 
in much shorter time than is common practice to-day. 
The Bulletin is admirably prepared and illustrated. Com- 
prising 76 pages, it provides a very informative contribution 
to a complex subject. 

By R. ScHNEIDEWIND and A. E. Wuite. Published by 

Department of Engineering Research, University of 
Michigan, Ann Arbor, Michigan, U.S.A. Price $1. 


A.S.T.M. Announces New Issue of Book 
of Standards 

THE American Society for Testing Materials has just 

issued its triennial publication containing all of the standard 

specifications, methods of test, recommended practices, and 


-definitions formally adopted by the Society. The 1933 


issue of this publication is composed of twe parts: Part I., 
containing all A.S.T.M. standards covering metallic 
materials ; Part II., all standards relating to non-metallic 
materials. Both parts aggregate 2,300 pages. 

In both parts of the book the specifications for a particular 
class of material are given first, followed directly by the test 
methods, definitions, etc. A complete subject index is 
included in which each standard is indexed under the 
principal subject covered, keywords being given in alpha- 
betical sequence. This index, together with two tables of 
contents, one listing standards by the materials covered, 
the other in order of numeric sequence of the designations, 
greatly facilitates the use of the book. 

Of the 185 standards in Part I., 104 cover the ferrous 
metals, steel, wrought iron, pig iron, and iron castings 
and ferro-alloys, while 70 relate to non-ferrous metals, 
including aluminium and magnesium alloys, copper and 
copper alloys, lead, nickel, zinc, bearing metals, solder 
metal, deoxidisers, electrical heating and _ electrical- 
resistance alloys. Eleven of the standards involve metal- 
lography and general testing methods. In the section 
devoted to ferrous materials the following particular 
classes are covered by one or more standards :—Structural 
and rivet steel; boiler steels ; steel for welding ; concrete 
reinforcement steel; commercial bar steels; steel rails 
and accessories ; spring steel and springs ; steel blooms, 
forgings, axles; steel wheels and tires; steel castings ; 
steel tubes and pipes ; steel for high-temperature service ; 
tool steels; zince-coated steel articles; wrought iron ; 
pig iron and castings ; and ferro-alloys. 
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Those relating to non-ferrous metals are grouped under 
aluminium and magnesium alloys; copper and copper 
alloys (copper ingot, brass and bronze, copper and_ brass 
plates, tubes, rods, etc., copper wire and cable); lead ; 
nickel; solder metal; white metal (bearing metal) ; 
zine; deoxidisers; and electrical-heating and electrical- 
resistance alloys. 

Other standards in Part I. cover grain size for classifi- 
cation of steels, metallographic testing of steel and of non- 
ferrous metals and alloys, thermal analysis of steel, radio- 
graphic testing of metal castings, Brinell hardness testing 
and tension testing of metallic materials and definitions of 
terms relating to (1) metallography, (2) methods of testing, 
and (3) specific gravity. 

During 1933 many new standards were adopted relating 
to widely used materials, and the following materials are 
covered by new specifications :—NSoft-steel track spikes ; 
structural rivet steel ; marine boiler steel plates ; structural 
steel for ships; heat-treated carbon-steel helical springs ; 
lap-welded and seamless steel and lap-welded iron boiler 
tubes ; austenitic manganese-steel castings ; open-hearth 
iron plates of flange quality ; steel plates of flange and 
firebox qualities for forge welding; fire-refined copper 
other than lake-silver solders (chemical analysis) ; electrical- 
resistance alloys (accelerated life test, test for thermo- 
electric power); seamless copper tubing; copper water 
tube. 

Also the following zinc-coated (galvanised) iron or steel 
products :—Telephone and telegraph line wire, tie wires, 
wire strand (cable), and chain-link fence fabric. The 
recommended practice for thermal analysis of steel and the 
grain-size chart for classification of steels were also adopted 
as standards in 1933. 

Included in the 285 standards contained in Part II., 
which deals with non-metallic materials, are specifications 
and test methods covering a wide range of materials. New 
standards adopted in 1933 covered 37 various non-metallic 
materials, and several important standards have been 
revised. 

Copies of the book can be obtained from A.S.T.M. 
Headquarters, 1,315, Spruce Street, Philadelphia, Pa., at 
the following prices: Either part, $7-50; both parts, 
$14-00. 


Green Patina on Copper Produced 
Artificially 


The attainment of the green patina on copper over the 
whole surface of copper occupies some ten to twenty years 
under natural conditions ; during this time the metal presents 
an unsightly black appearance, due to the presence of sulphide 
oxide, and carbonaceous matter. Experin ents by the chemical 
research laboratory of the Department of Scientific and 
Industrial Research to reproduce this covering on copper was 
described by Dr. W. H. J. Vernon ina lecture to the Association 
of Architects, Surveyors, and Technical Assistants at the 
Science Museum, London, recently 

After studying the natural production of the patina, the 
staff of the laboratory considered its production artificially 
and obtained the best results by an electrical method, in 
which the metal was immersed in a solution containing dis- 
solved sulphates, with the addition of an oxidising agent. 
After a treatment lasting 15 mins., a patina was produced 
with a good green colour insoluble in water. On exposure to 
air the deposit changed to a material having very nearly the 
constitution of natural ‘‘ brochantite.” 

Dr. Vernon stated that the process developed at the chemical 
research laboratory can be applied to bronzes, but the deposit 
has, in that case, initially a bluish tinge. With copper, by 
far the best results are obtained with arsenical copper, con- 
taining some 0.5°, of arsenic, the presence of arsenic 
securing a better bond between the deposit and the under- 
lying metal. Arsenical copper is also definitely nore resistant 
to atmospheric corrosion, and an accumulation of arsenic has 
been shown to take place in the natural product. It is signifi- 
cant that, of the old copper roofs of which analyses are possible, 
all are arsenical. 
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Developing Applications for Aluminium 
IN the comparatively short time that the uses of aluminium 
and its alloys have been commercially appreciated, re- 
markable strides have been made in its development. Much 
research work has been involved to increase the physical 
properties and alloys have been developed that possess not 
only great strength, but remarkable corrosion-resistance 
properties, and in view of the low weight of these alloys in 
comparison with other structural metals, steady progress 
in their application is to be expected. It is strange, however, 
that no attempt has been made to construct a large racing 
yacht in aluminium. The application of aluminium alloys 
for this purpose was the subject of some rather interesting 
correspondence in The Times recently, in which Mr. H. M. 
Devereux expressed regret that no large racing yacht 
apparently had yet been constructed in aluminium, with 
aluminium masts and spars. He gave particulars of a 
scale model of a famous racing yacht which he had com- 
pleted in aluminium. A corrosion-resistant alloy was used 
capable of resisting the effect of salt water. 

The sides of the hull were shaped out and welded together 
and there is no seam of any kind excepting the longitudinal 
seam, while the masts and spars are all of aluminium, with 
the goosenecks welded in. This model has been fully tested, 
and the results are claimed to be exceedingly good. The 
use of aluminium for this purpose gives several advantages, 
notable of which are lightness in construction (lighter than 
if made from wood), cheapness, and the elimination of 
riveted joints, which cause friction between the water and 
the hull. In view of the results achieved, Mr. Devereux 
hopes that a full-sized yacht may be built. 

The subject was taken up by Lieutenant N. W. Water- 
house, who stated that for some years past aluminium has 
appeared in one form or another more in new craft seen 
abroad. The winner of the America Cup in 1930, the U.S. 
yacht Enterprise, he said, had an aluminium mast, and 
since that time various yachts of the New York Yacht Club 
have come off the slipways with aluminium masts over 
100 ft. in height above the deck. They are given an anodic 
treatment for additional corrosion resistance, and are 
finally finished in white enamel. The sail tracks connected 
to the mast are of aluminium extruded sections. 

In some cases, said Lieut. Waterhouse, the use of alu- 
minium effected a saving of over 400 Ib., an important item 
in racing craft, suggesting at times that a special class 
may become necessary for craft fitted out with this type 
of mast. Aluminium is being used more extensively abroad 
not only for spars, but for all types of yacht gear and deck 
fittings, such as awning rails, portholes, skylights, fairleads, 
cleats, etc., and even windlasses may be included. 


Correspondence 


(Continued from page 10) 


deflection and considerably less tendency to setting than 
with springs of ten years ago. Brake-drum scoring does 
sometimes occur, but the eliminating of this is a difficult 
engineer's problem, and endeavours are continually being 
made to solve it. 

Mr. Arnott speaks about rust on wings, etc. Some of 
the cheapest cars of to-day have the wings so treated that 
if the enamel chips off rusting does not take place. In the 
course of a year I do many thousands of miles of night 
driving on relatively busy English roads, and it is very 
seldom indeed that I have come across a motorist held up 
by wiring or, indeed, any electrical trouble. 

When one considers that the modern motor-car is not 
always kindly used, and is driven by all sorts of people 
that are almost devoid of any mechanical sense, the state- 
ment that “it is a wonderful piece of mechanism” is 
entirely justified.— Yours, ete., 

Tue Epiror, The Motorist. 

Manchester. 
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Business Notes and News 


New Dock at Belfast Harbour 


The new dock and channel constructed by the Belfast 
Harbour Commissioners on the County Antrim side of Belfast 
Harbour are of great importance to the further commercial 
development of the port. This scheme of construction was 
initiated by the Harbour Commissioners in August, 1929, 
when a portion of a larger and more comprehensive scheme 
decided on in 1918 was undertaken by the Board to relieve 
unemploynent at a cost of £400,000. 

The new works consist of a dock and turning basin on the 
site of the old timber ponds, and a new channel, about a 
mile and a half in length, leading direct from the main Victoria 
Channel. The extent of the new dock is about 2,600 linear feet 
—1,020 ft. with a depth of 30 ft. at low water, and 1,580 ft. 
with a depth of 23 ft. at low water. 

The Belfast Harbour now consists of three main channels— 
the centre Victoria Channel, with a number of docks running 
from it ; the Musgrave Channel, on the County Down side of 
the Lagan ; and the new channel and dock on the County 
Antrim side. The latter were named the Herdman Channel 
and Princess Alice dock by Princess Alice, Countess of Athlone, 
and the opening ceremony was performed by the Governor 
of Northern Ireland (the Duke of Abercorn). 


‘Stainless and Heat-resisting Steels 


Although rapid progress has been made in the development 
of stainless alloys, said Mr. J. F. Kayser, in a lecture before 
the Sheffield Section of the Institute of British Foundrymen 
recently, they are not being applied to the extent they deserve. 
It is, of course, true that there are many engineering require- 
ments that are not yet adequately met by metallurgists, but 
full advantage is not being taken of those now available. 
The lecturer emphasised the need of abolishing rust, as well as 
scaling, and this could only be effected by making greater 
use of the valuable rust- and heat-resisting alloys developed 
during the last 20 years. Under present conditions, the 
applieation of stainless castings was limited by their high 
cost, and while for many purposes the longer service obtained 
would render them relatively more economical, the high 
initial cost was a very real difficulty. Mr. Kayser expressed 
conviction, however, that it was only a question of time before 
rustless materials would be generally specified. Only in this 
way would it be possible to curtail the great loss suffered vear 
by year by rust. 


South Wales Steel Merger Contemplated 


It is understood that negotiations are taking place for a 
merger between the Richard Thomas Steel and Tinplate Co 
and the Briton Ferry Steel Co. The merger would include 
eight big works in South Wales. The proposal has a relation to 
the Tariff Advisory Board’s recent suggestions, and would 
tend towards the rationalisation of the industry with unifica- 
tion of outstanding groups. 

Richard Thomas Co., Ltd., is a £9,000,000 steel and 
tinplate making firm, which in 1928 acquired Redbourn Hill 
Iron and Coal Co., Ltd. It owns the entire share capital of 
Raglan Collieries, Ltd., and three other colliery companies. 
It also has a controlling interest in New Sharlston Collieries 
Co., Ltd., and holds the entire ordinary share capital of 
Grovesend Steel and Tinplate Co. The combination has a 
capacity of about 13,500 tons of steel, 7,500 tons of tinplate, 
and about 1,800 tons of block sheets per week, together with 
about 1,250,000 tons of coal a year. 


New Passenger Engines 
An important impetus to locomotive building is indicated 
by an order for the building of 39 new passenger engines, to 
cost about £200,000, is to be put in hand immediately by the 
London and North Eastern Railway Co. at their Doncaster 
works. Another order for 62 engines is to be placed in the 
Company’s works at Darlington. 


Several private firms are also to receive orders. One order 


for 500 12-ton goods waggons will be divided between Messrs. 
Roberts and Co., of Horbury, near Wakefield ; the Craven 
Railway Carriage and Waggon Co., of Sheffield ; Messrs. J. 
Claye, Ltd., of Long Eaton ; Messrs. Hurst Nelson and Co., 
of Motherwell ; and Messrs. William Rigley and Sons, Ltd., 
of Nottingham. 
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Progress in Soviet Industry 

The Commissariat of Heavy Industries has issued a state- 
ment regarding the progress of the heavy industries during 
the first nine months of the present year. During the period 
under review the coal and iron industries have increased their 
output by 14-6 and 13-4°, respectively. 

The production figures for coal and iron are 52 million 
tons and 5,136,000 tons, representing 67-2°(, of the total 
plan for the year in the coal industry, and 57-1°, of the plan 
for the iron industry. The output of coal during the summer 
mcnths was considerably higher than in 1932, the increases 
ranging from 30-7°, in July to about 40° for both August 
and September. The increase in the output of iron in Septem- 
ber was 22.4°,, as compared with last year, and 7:8°/, as 
con pared with August. The output of the third quarter was 
10°, higher than that of the second. Steel, during the nine 
ronths, exceeded last year’s output by 10-3°%. The output 
in September was 39-2°, higher than in the corresponding 
month of 1932. In the oil industry the plan for the year has 
been carried out during the nine months to the extent of 
68-5°,. The Azerbaidjan fields have carried out 75-3°% 
of the plan for the year, and the Grozni fields only 54-6°,. 
The daily output of oil for September was 10-3°(/, higher 
than in August, and 26-2°, higher than in September of 1932. 

Taken as a whole, the heavy industries have carried out 
99-2°., of the plan for September. 


Scunthorpe Blast-furnace Restarted 


It is gratifying to note that an additional blast-furnace has 
been started at the Frodingham Iron and Steel Works, Scun- 
thorpe. The furnace has been redesigned and modernised 
during recent months, and has been put into operation for the 
production of pig iron needed for the steel plants of the 
company and its associated works. 

For a year or two only two of the four blast-furnaces at 
Frodingham have been in operation. With this additional 
furnace there will be ten blast-furnaces operating in the 
Scunthorpe district out of a total of nineteen. Only the 
Cleveland area has a greater number of furnaces in blast than 
the Scunthorpe district, and this indicates the gradual return 
of the district to prosperity. 


The Preservation of Old Sheffield Tools 
and Machinery 


A new society has been inaugurated, having for its object 
the preservation of old Sheffield tools and machinery. It 
has been formed to meet the demand for some body which 
would collect tools and machinery formerly used in the local 
trades, but now cbsolete, or likely soon to become obsolete, 
owing to the rapid changes taking place in methods of pro- 
duction. The replacement of hand-work by mechanical 
processes is, of course, inevitable, but the reputation and 
prosperity of Sheffield have been built up by its craftsmen, 
and it is important that as full a record as possible of their 
work should be gathered for the present and future generations. 

Although the society will concern itself principally with tools 
and machinery, including the best-preserved of the old 
““wheels,”’ it will also collect photographs, prints, sketches, 
and other pictorial records of the past history of the trades, 
and compile a list of the names of outstanding craftsmen and a 
glossary of old trade terms and dialect words. Any assistance 
in these objects which private persons or firms can render will 
be very welcome. 

With the co-operation of the city authorities, the materials 
collected will be placed in a pernanent exhibition accessible 
to the public, and some of the old “‘ wheels ”’ will be preserved 
in working order. One of these, Shepherd’s Wheel, in Whiteley 
Wood, has already been taken over. 

The inaugural meeting, which was held in the Applied 
Science Department of Sheffield University, was presided over 
by Mr. David Flather, who was supported by the Lord Mayor, 
the Master Cutler, the Vice-Chancellor of the University, and 
the chairman of the Applied Science Committee. 


New Soviet Open-Hearth Furnace Foundry 


The Soviet Institute for the construction of steel bridges 
has completed its project of a new huge open-hearth furnace 
foundry at Azovstal. The foundry, which will be the largest 
in the world, will have seven furnaces of 250 tons each, and 
will apply the newest welding methods. As a result of these 
methods, the construction of the seven furnaces will consume 
only 5,500 lb. of steel, as compared to the 10,000 tons which 
the old method required. 
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North-East Coast Merger Scheme 


The petitions of Dorman Long and Co., Ltd., and the South 
Durham Steel and Iron Co., Ltd., with reference to the merger 
scheme, were Opposed when they came before Mr. Justice 
Maughan in the Chancery Division recently. Mr. Christie, 
on behalf of 106 Debenture holders totalling £133,000 in 
Dorman Long and Co., Ltd., and by Mr. Morton, K.C., and 
Mr. Gedge for dissentient shareholders in the South Durham 
Company. Mr. Wilfrid Greene, K.C., for the two companies, 
explained that if the scheme were sanctioned the South 
Durham shareholders and Debenture holders would, apart 
from cash, get a holding in Dorman Long and Co., and the 
South Durham case had given rise to the difficulties that had 
been experienced. The Preference and Ordinary were the 
shareholders affected 


Reviving the Charcoal Industry in India 


Colonel Edward Noel, C.1.E., D.S.O., who was recently 
appointed Commissioner for Development for the North-West 
Frontier Provinces of India, has left London for India accom- 
panied by his wife and a party of friends, driving a car which is 
equipped with the latest type of British gas-producing plant. 
His fuel will be charcoal instead of petrol for a 6,000 miles 
journey which is to be made. 

The producer gas plant consists of a gas generator fitted 
with a hopper on the top to contain charcoal or coke. The gas 
is generated by the induction through the gas generator, 
which is connected to the induction pipe on the engine. The 
cleanser or filter pipe is placed on the gas pipe between the 
generator and the engine, to take out any dust or foreign 
matter which may be in the gas. It is extremely simple in 
operation, and is so arranged that it can be worked on an 
up-draught, down-draught or combined-draught system. In- 
creased cylinder ratio is advisable in order to get maximum 
power out of the gas, and when this is arranged, plants will 
then work satisfactorily with any “ petrol” type of engire. 
There are no working parts, and therefore nothing to wear out 
or replace, and the saving in the cost of fuel is generally about 


=0/ 


75°, of the cost of petrol. 


Tenders for Brazilian War Vessels 

Brazilian Navy estimates, it is stated, provide for a five-year 
programme of expenditure amounting to £30,000,000, which 
includes the cost of building and equipping about thirty 
different types of war vessels. About a score of firms have 
been invited to estimate for this work, tenders for which are 
to be delivered during the first week in January. 

The ships will include cruisers, destroyers, submarines, 
minelayers, and small craft. The British firms to tender are 
Vickers-Armstrong, Thornycrofts, Metropolitan Vickers, John 
Brown (the Sheffield firm), Fairfield Shipbuilding, Walkers and 
Scotts Shipbuilding and Engineering Co. Other countries which 
will also compete will be America, Italy, France, and Japan. 


Gasworks Scheme Approved 


The proposal of the Gas Committee of Stourbridge Town 
Council to spend £48,000 on extensions at the gas-works has 
been approved by the Council. The proposals are that one of 
the works gasholders, now 56 years old, shall be replaced by a 
new one, at a cost, with the necessary appliances, of £24,000, 
and that a similar amount shall be spent on the extension of 
the vertical retort plant 


Clyde Shipbuilding Brighter 

Recent orders recently placed on the Clyde will provide 
considerable additional employment in an area that has 
experienced the full blast of the depression. They include four 
new vessels, one of which is a 10,000-ton motor liner. This 
vessel, which is to be built by Messrs. Stephen and Sons, Ltd., 
of Linthouse, Glasgow, to the order of the Adelaide Steamship 
Co., of Australia, will be of high-class design, embodying 
many of the latest improvements. This firm has also secured 
an order from Messrs. Maclay and McIntyre, of Glasgow, for a 
5,000-ton cargo steamer, which is to be fitted with the new 
“Stephen ’’ three-cylinder steam-engine. 

Messrs. Maclay and McIntyre have also given orders for two 
other vessels, one for a cargo steamer of 5,000 tons to D. and W. 
Henderson and Co., Ltd., Partick, Glasgow ; and another of 
similar capacity to Messrs. Lithgows, Ltd., Port Glasgow. This 
latter vessel will be engined by David Rowan and Co., Ltd., 
while Messrs. J. G. Kincaid and Co., of Greenock, are to supply 
two sets of B. and W. Diesel engines for the 10,000-ton motor 
vessel. 
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Stalin Metallurgical Plant at Zlatoust 


An enormous plant of world im portance, referred to in the 
Soviet Unien as the Magnitostroy of high quality steel, is 
shortly to be put into operation. It is the Stalin Metallurgical 
plant at Zlatoust, the reconstruction of which was comn enced 
in 1933. Although the plant was supposed to have been 
reconstructed, it is in reality a new plant that has sprung up. 
The output of the old plant was 65,000 tons of rolled steel a 
year ; the new plant has an output capacity of 203,000 tons 
of quality and high quality rolled steel a year. The new plant 
is to supply the automobile, tractor, aviation, and tool 
industries. 


Crankshafts for Record Breakers 


It is noteworthy that in practically every record-breaking 
British engine during recent years an English Steel Corporation 
drop-forged crankshaft, made from this firm’s special steel, 
has been fitted. Recent machines so fitted which have broken 
world’s records include the Percival ‘‘ Gull’ cabin monoplane, 
** Miss Southern Cross.”’ fitted with a Gipsy Major engine which 
Air-Commodore Sir Charles Kingsford-Smith used on his record 
journey from England to Australia ; the saloon car, fitted with 
an A.E.C. 6-cylinder heavy oil bus engine, with which Capt. 
George Eyston created a record for a flying mile and a flying 
kilometre; and the Napier-Railton car fitted with Napier 
“ Lion’’ engine, with which Mr. John Cobb established a 
a record for the standing stand mile and the standing start 
kilometre. Drop-forged crankshafts is, of course, only one of 
the specialities of the English Steel Corporation, Ltd. 


Some Recent Contracts. 


General Electric Co., Ltd., has received an order from the 
Johannesburg municipality for a 10,000-kw. high-pressure 
turbo-alternator, together with the necessary condensing 
plant. It is a tribute to the efforts of this company and 
British engineering that this order has been placed against 
severe competition from many other countries. 

The Chinese Government Purchasing Commission in 
London is placing orders in this country for 4,000 tons of 
60-lb. rails, to cover a section of about 50 miles, for some 
constructional machinery, sore small bridges, and 40 goods 
trucks and passenger cars. The total value of these orders is 
stated to be about £150,000. This is the first instalment of 
orders, which are expected to have a value of between 
£2,000,000 and £3,000,000, for railway plant and equipment 
for the Chinese Government. They form part of the orders 
already given to British industries for railway construction 
for the Canton-Hangkow line, in which there is an unfinished 
gap of about 250 miles. 

In addition to the foregoing, the Purchasing Commission, 
we understand, has been instructed to obtain tenders in 
Britain for four vessels of 2,000 tons each, which are desired 
with a view to the development of coastal trade in China. 


Mr. Harry Rushton, senior partner of Messrs. E. Rushton 
an@ Sons, Macclesfield, one of the best-known engineering 
firms in Lancashire and Cheshire, died at his home, Tythering- 
ton, at the age of 77. 


Catalogues and Other Publications. 


The new list of books relating to mining, metallurgy, 
geology, and kindred subjects, including petroleum technology, 
has just been published by The Technical Bookshop, 724, 
Salisbury House, London Wall, London, E.C.2, a copy of 
which will be sent on application. 





A new booklet covering both large and small box-type 
furnaces has recently been published by G. W. B. Electric 
Furnaces, Ltd., jointly with Messrs. Wild-Barfield Electric 
Furnaces, Ltd. It deals with the advantages offered by the 
patent ‘‘ heavy hairpin ’’ construction of the heating elements, 
which is a special feature of these furnaces. Those interested 
are advised to obtain copies from Elecfurn Works, North Road, 


Holloway, London, N. 7. 
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The Leyland Hydraulic Torque Converter 


A development which practically eliminates gear changing. 


ETALLURGY has played a very important part 
M in the evolution of the modern road vehicle, and 

it can justifiably be contended that, if more money 
had been spent in research work in the laboratory, the 
efficiency of the motor-car to-day would be much higher 
than it is, and to a certain degree the safety factor would 
have been increased. The small gear-box now employed 
has resulted from the perfecting of suitable alloys, and 
scientific and controlled methods of hardening. In fairness 
to the engineer, however, it has to be admitted that there 
has been continual striving towards greater reliability, 
and an increasing disposition to be influenced by the 
research worker. It might have been thought that per- 
fection in gear-box design had been reached when gears 
were evolved that would stand up to years of hard wear and 
continue to run as when new. Actually, it is the research 








A sectional drawing of the turbine. 


workers and the novice drivers who have been responsible 
for the latest improvements in gear-box design. The 
novice has shown the need for infallible gear-changing, and 
the research workers have helped the designer to attain this 
ideal. Thus there is to-day the Wilson self-selector box, 
the fluid flywheel, synchro-mesh gears, the new Austin 
simplified gear change, and lastly the Leyland hydraulic 
torque converter. The evolution of the last-named cannot 
in any degree be credited to the unskilled driver, because 
it has been designed primarily for omnibuses, and the 
drivers of that vehicle are generally very proficient. 

The ideal drive is, of course, rotary, and so the electric 
battery car is the smoothest running of vehicles, but the 
problem of current storage remains to be solved. The gas 
turbine, were it a practical proposition, would approximate 
to the electric drive, but theory here is at variance with 
practice. Actually, the Leyland converter is as near as 
possible to the gas turbine in certain respects. It practically 


eliminates gear-changing, and it is probable that in time 
it will be tried out on ordinary motor-cars. It is smooth 
and silent in operation, and as it is controlled entirely by 
the throttle, it is completely automatic. There can be no 
question of “ flogging” the engine, which automatically 
adjusts itself to road conditions and circumstances. The 
unit possesses the advantages of the hydraulic clutch in 
enabling the vehicle to be started or stopped at will with 
the drive engaged and the engine running, thus the possi- 
bility of the engine starting is eliminated. 

The function of the torque converter is to multiply the 
engine torque, in much the same way as it is multiplied 
by the gearing of the conventional gearbox. While it is 
quite possible to drive through the converter at all times, 
there are obvious advantages in providing a direct drive 
for use at cruising speeds, corresponding to the top gear 
of the gear-box. An additional drive of this type is there- 
fore provided. The drive from the engine is taken through 
one or other of two friction clutches, a single lever in the 
driver’s cab being used to operate both through a simple 
toggle mechanism. The clutch disc nearest to the engine 
is mounted on a shaft passing through the centre of the 
converter to the rear axle, and provides the direct drive. 
The second clutch disc is mounted on a hollow shaft, the 
other end of which is connected to the impeller inside the 
converter casing, so forming the drive to the converter. 
The clutches are used as couplings only. They do not take 
up the drive as in the conventional clutch, and are, there- 
fore, subject to little wear. Though not strictly necessary, 
an intermediate position is provided in which both clutches 
are disengaged for safety in starting the engine. 

The torque converter consists essentially of a centrifugal 
pump, mounted in a single casing with a three-stage 
hydraulic turbine. The pump member, which is coupled 
to the engine flywheel by means of the clutch mentioned 
above, is similar in form to the impeller of the familiar 
water circulating pump. The turbine, which is connected 
to the rear axle through the free-wheel described later, 
consists of a bladed rotor on which three separate rows of 
blades are fixed in such a position that they are divided 
by two rings of stationary blades fixed to the casing. 
The casing is completely filled with fluid, so that when 
power from the engine is transmitted to the pump the fluid 
is driven from the pump on to the first set of rotor blades 
Rl, then through the stationary blades S1, where its flow 
is re-directed on to the second set of rotating blades R2, 
through the stationary blades S2, where its direction is 
again changed on to the third set of moving blades R3, 
and so back to the pump. Owing to the shape of the 
blading and the fact that the fluid impinges on three sets 
of blades coupled in series, torque can be increased up to 
the ratio 4-8 to l. 

Labyrinth seals as shown in the sketches are used in the 
design to prevent short-circuiting of the fluid between the 
rotor and casing. Other seals are included to prevent loss 
of fluid. Slight leakage through these seals is, however, 
encouraged for the purpose of lubrication, but the fluid 
so passing is collected in a small sump and automatically 
returned to the reserve tank. New fluid under certain 
conditions of circulation and temperature is liable to gasify 
to a slight degree. To ensure the removal of this gas and 
its automatic replacement by fresh fluid, a permanent leak 
is provided to the reserve tank through a control valve, 
and an injector is provided which draws fluid from this 
tank as required. To provide for a temperature rise on the 
working fluid which may result from a prolonged use of the 
converter under extreme conditions of operation, a small 
cooler is placed in the fluid circulation, and is located on the 
frame side of the chassis. The fluid used in the converter 
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consisted of a mixture of paraffin and lubricating oil 
or of ordinary fuel oil as used for compression ignition 
engines. 

The complete unit with reverse gearing is contained in a 
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hydraulic system, the free-wheel to relieve the converter 
from over-run and the reverse gear. 

This new form of power transmission represents a very 
notable advance. 


It should not only make for more 








The General arrangement of the Leyland hydraulic torque converier (Bus type—Lysholm-Smith system. 


casing of normal clutch and gear-box size, and is bolted 
directly to the rear of the crankcase. The casing contains 
a double-acting clutch for connecting the engine either to 
the torque converter or directly to the rear axle, the 


comfortable omnibus travel, but reduce mechanical wear 
and tear while, the change of ratio being automatic, the 
driver’s attention can be given wholly to the road: an 
important feature is its mechanical simplicity. 





A RING TYPE BALANCED RECORDER 


The measurement of low pressure gas and air. 


CONSIDERABLE interest is attached to the use of ring type 
balanced recorders in the iron and steel industries, par- 
ticularly those intended for the measurement of blast- 
furnace gas, air blast, coke-oven gas, and producer gas. 
Of these, mention may be made of the latest designs of this 
type of recorder supplied by George Kent, Ltd., Luton 
(Beds.). In general, any low pressure gaseous medium can be 
measured, the operation being in conjunction with an 
orifice fitting constituting an accurate and robust instrument 
little affected by dust, heat, and vibration. As is well 
known, an orifice fitting inserted in a pipe-line results in a 
local differential pressure which under proper conditions 
of design is proportional to the square of the rate of flow 
of the air or gas. 


In the ring type balanced recorder this difference of 


pressure is measured, giving a direct record as cubic feet 
(or other figure), passing by an arrangement of two closed 
chambers in the recording instrument, carried by a frame, 
which is pivoted on a glass-hard rustless knife edge. The 
instrument is available as an indicator, recorder, and 
integrator in four types, RTE /D (recorder only), RTE/ID 
(recorder and indicator), RTE CD (recorder and integrator), 
and RTE/CID (recorder, integrator, and indicator). Also, 
any size of main can be connected to the instrument by 
suitable narrow diameter pipe. 

For example, with a | in. diameter pipe a maximum flow 
of 1,000 cub. ft. per hour can be measured with gas of 
0-50 s.g., or 705 cub. ft. with 1-00 s.g. gas, using the firm’s 
standard “ P”’ type orifice. With a 24 in. diameter pipe, 


however, the maximum flow measured is 576,000 c. ft. per 
hour, s.g. 0-5, and 406,000 c. ft. per hour with gas of s.g. 1-00. 


The two closed chambers, connected respectively to the 
“up” and “down” stream side of the orifice, contain a 

liquid (paraffin), and move in sensitive fashion on the knife 
edge according to the differential pressure. This movement 
actuates the recorder pen and the indicator pointer, the 
accuracy being entirely independent of the specific gravity 
and the level of the oil. The whole arrangement is con- 
tained in a dust and fume-proof case, the chart being 5 in. 
effective width, lasting 30 days, driven at a standard speed 
of 1 in. per hour by an eight-day spring clock or an electric 
clock operated by A/C supply. 

The integrator mechanism consists essentially of a spindle 
rotated by a ** Warren ” motor at a speed of 1 r.p.m., and 
a clutch which is thrown into gear at a point in the revolu- 
tion corresponding to the amount to be added to the 
counter reading, which has five dials. The motor also is 
synchronously driven from one phase of A ‘C supply, taking 
about 4 watts. 

In this manner an indication, a record on a chart with a 
continuous curve, and an integration of the total volume 
is given, while the accuracy guaranteed is within 2% down 
to one-seventh of the maximum flow. The instrument also 
is supplied for a normal maximum differential pressure of 
l in., 2 in., and 4 in. W.G., and if necessary as low as } in. 
W.G. With overloads, however, the oil in the closed 
chambers continues to function as a seal until 8 in. W.G. 
is reached. At this point the pressure is released, and the 
readings return to zero until the flow subsides to the normal, 
while also, when desired, the instrument can be quickly 
adjusted to operate under high pressure conditions—say, 
up to 30 lb. per sq. in. pressure. 
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Institute of Metals 
New method of issuing publications 


The Institute of Metals now issues a monthly set of 


abstracts of the world’s metallurgical literature, and follows 
this up by re-issuing these abstracts in bound volume form 
at the end of the year. An important advantage of this 
duplicated system of publication—which is believed to be 
unique among scientific societies—is that whereas formerly 
members were required to wait many months for the 
appearance of the Institute’s bound volumes of * Metal- 
lurgical Abstracts,” they can now peruse the abstracts 
monthly, and may even cut up their copies for card 
indexing purposes, secure in the knowledge that, in due 
course, they will receive all the abstracts again in per- 
manent bound form, complete with an index covering 
many thousands of entries, the whole volume consisting 
of 800-900 pages. 

A further new facility on somewhat similar lines is 
now being offered, this relating to the publication of advance 
copies of original papers presented to the Institute. Hitherto 
these advance copies have been issued en bloc about ten 
days prior to each of the two half-yearly meetings held, 
respectively, in March and September. As a result of 
receiving simultaneously a dozen or so important—and 
often quite lengthy—scientific communications, many 
members have found it difficult to “ digest the contents 
of these papers in the short space of time intervening 
between their publication and the meetings at which they 
were discussed. 

In accordance with a scheme that has recently been 
adopted by the Council, the issue of separate preprints 
just before each meeting will cease. Instead, the advance 
copies will appear, two or three at a time, in the Institute’s 
monthly journal along with the Metallurgical Abstracts. 
As in the case of the latter, the papers will be subsequently 
reissued in volume form for permanent retention. 

The new scheme should prove attractive to existing and 
prospective members. It provides that in future every 
member will receive a complete set of advance copies of 
papers. Formerly papers were sent only to members who 
requested to receive them. Authors of papers (as well as 
readers of such communications) should value the new 
method, for it will enable authors to secure much more 
prompt publication of their work than has hitherto been 
possible. Thus, an author submitting a paper in October 
may expect it to appear in the monthly journal for Decem- 
ber, whereas under the old scheme it would not be issued 
until the following February or March. In the intervening 
months between the appearance of the preprint in the 
monthly journal and the half-yearly meeting at which it 
would be formally presented for discussion, members will 
have increased opportunity of considering the paper—and, 
perhaps, of themselves carrying out investigations bearing 
upon it—so that the subsequent oral discussion and 
written communications should be rendered of increased 
value. 

This new scheme of dual publication, applying not only 
to abstracts but to original papers, should have a good 
effect upon the Institute’s membership, election to which 
takes place monthly. The Secretary of the Institute, 
Mr. G. Shaw Scott, M.Sc., F.C.1.S., 36, Victoria Street, 
Westminster, S.W.1, informs us that he will be glad to 
forward to anyone interested specimen copies of the new 
journal to show how this combines both metallurgical 
abstracts and original papers. : 


Personal 


Mr. Basil Marriott has been appointed architectural adviser 
to the recently formed Copper Development Association, 
Mr. Marriott has just concluded his work with the Empire 
Marketing Board, where he also advised on matters connected 
with architecture and the arts. In connection with this 
appointment, it is interesting to note the increasing use of 
copper and bronzes in architecture ; many of the most modern 
buildings on the Continent and elsewhere provide examples 
of their use for structural and decorative purposes. 
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A New Aluminium Alloy—Hydronalium 


A SERIES of aluminium alloys claimed to offer considerable 
resistance to corrosion, especially in sea-water, and which 
do not require any heat-treatment for ageing, has recently 
been developed at the Bitterfield Works of the I. G. 
Farbenindestrie A.-G. Known under the collective name 
of ** Hydronalium,” this series of alloys consists of alu- 
minium alloyed with magnesium, varying in amount from 
5 to 15%, and containing traces of manganese. The 
specific weight of these alloys ranges between 2-63 and 
2-59. The upper melting point lies between 630° and 
600° C., the lower melting point between 560° and 520° C. 
According to the composition, the tensile properties of 
these alloys are claimed to be as follows :— 

PRESSING AND FoRGING ALLOoys. 
2,550 to 6,800 lb. per sq. in. 
Tensile strength....... 32,600 to 62,000 1b. per sq. in. 
Elongation ........... 16 to 22%. 

ROLLED SHEETS. 

Yield-point 4,250 to 8,500 lb. per sq. in. 
Tensile strength....... 44,000 to 64,000 Ib. per sq. in. 
Elongation ........... 7 to 22%. 
CASTINGS, 

2,700 to 4,250 lb. per sq. in. 
Tensile strength....... 23,300 to 37,000 1b. per sq. in. 
Elongation .........<+ 3 to 20% 

The material can be worked into shape at crdinary 
temperatures. Sections may be cold-drawn from annealed 
sheets, even of fair thickness, at a speed of 20 ft. to 26 ft. 
per min.; the smallest permissible bending radius being 
equal to twice the thickness of the sheet. 

Corrosion tests have been carried cut on hydronalium 
sheets of 1 mm. thickness by subjecting them to the action 
of a 3% salt solution in an agitator tank, and the results 
show that, in comparison with pure aluminium and 
duralumin of the 681—A type, the tensile strength of hydro- 
nalium was practically undiminished after 96 days ; after 
48 days the material showed an elongation of 14%, while 
that of duralumin had been reduced to 4-6%. Being less 
affected by caustic-soda solutions and soap-water than the 
commercial aluminium alloys, Hydronalium is claimed to 
represent a considerable advance wherever non-corrodibility 
plays an important part, p2rticularly in ships and aircraft. 
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A Method for the Electrolytic Extraction of 
Slag from Iron and Carbon Steel 


A rational electrolytic method of extracting slag in- 
clusions from iron and steel has been worked out and was 
published in Swedish in 1932* by Mr. R. Treje and Professor 
C. Benedicks. In this paper the authors have presented an 
abbreviated translation, supplemented by some recent 
results. The slag residue obtained by this method is uncon- 
taminated by any iron hydroxide or basic iron salts. In 
the case of low carbon contents, the residue may be directly 
examined under the microscope. In the case of higher 
carbon contents the residue contains also cementite. This 
is, however, removed by using a suitable electromagnet. 
When strongly magnetic slag substances cecur, such as 
sulphides, which are attracted by the magnetic field, the 
separation may be brought about in a solution possessing 
a suitable magnetic susceptibility (MnClj). 

The electrolysis is performed in a vessel divided into two 
by a diaphragm. ‘The iron specimen—surrounded by a 
collodion bag for collecting the slag and which is carried by 
a floating wooden ring—forms the ancde in a bromide 
solution containing sodium citrate ; the cathode consists 
of a copper plate in CuSO, solution. This arrangement and 
choice of electrolytes, on the one hand, prevents any 
formation of oxygen gas on the anode—which would cause 
the liquid in the collcdion bag to become acid and conse- 
quently attack the slag—and, on the other hand, avoids 
any hydrogen formation on the cathode—which would 
ender the liquid there alkaline, resulting in the precipita- 
tion of hydroxides, which would contaminate the slag. 

The paper gives detailed directions for the application 
of the method. 

* R. Treje and C. Benedicks, Jernkontorets Annaler, 1932, vol. 116, p. 165. 
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MARKET PRICES 





ALUMINIUM. 
Purity ; 
ANTIMONY. 


English. . £37 10 Oto £40 0 
Chinese Keninneeas Sa 


Crude... 


"8 /99% 


Solid Drawn Tubes " 9d. 
Brazed Tubes Ild. 
Rods Drawn pin 
Wire os 7h 


COPPER. 


Standard Cash 

Electrolytic 

Best Selected 

Tough 

Sheets 

Wire 

Ingot Bars 

Solid Drawn Tubes 

Brazed Tubes aye arene Paras 

FERRO ALLOYS. 

Tungsten Metal Powder .. Ib. 

tFerro Tungsten 

Ferro Chrome, 60-70% Chr. 
Basis 60% Chr. 2-ton 
lots or up. 
2-4% Carbon, scale 11 

per unit 

6% Carbon, 

per unit 

8% Carbon, 

per unit : 

-10°% Carbon, scale 

per unit 

§Ferro Chrome, Specially 
fined, broken in small 
pieces for Crucible Steel- 
work, Quantities of 1 ton 
or over. Basis 60% Ch. 
Guar. 29 


NOMINAL 


we 


max. 2%, Carbon, 
seale 11/0 per unit 
Guar. max. 1% Carbon, 
scale 12/6 per unit 
§Guar. max. 0-7% Carbon, 
seale 15/— per unit 
tManganese Metal 97-98% 
Mn. 
*Metallic Chromium 
§ Ferro-Vanadium 25-50%... 
§ Spiegel, 18-20°, 
Ferro Silicon 
Basis 10%, 
per unit 
20/30%, basis 25%, 
3/6 per unit 
45/50% basis 45%, 
5/— per unit 
70/80%, basis 75%, 
7/- per unit 
90/95% basis 90%, 
10/— per unit 
§ Silico Manganese 65/75°% 
Mn., basis 65°% Mn. ... 13 
§ Ferro-Carbon Titanium, 
15/18% Ti 
Ferro Phosphorus, 20-25% ton 15 
§ Ferro-Molybdenum, Molyte Ib. 0 
§ Calcium Molybdate . 
FUELS. 
Foundry Coke— 
ee neteues £1 2 6tol 
Scotland 1 
Durham 1 Otol 
Furnace Coke 


Scotland g 4 
016 Oto O19 


015 O . 


scale 


Durham 


* McKechnie Brothers, Ltd., quoted Nov. 13. 


Subject to Market fluctuations. 


$d. 


GUN METAL. 
*Admiralty Gunmetal Ingots 
(88: 10: 2) 
*Commercial Ingots 
*Gunmetal Bars, Tank brand, 
lin. dia. and upwards. . Ib. 
*Cored Bars . 


Soft Foreign 
English 


MANUFACTURED IRON. 
Scotland 
Crown Bars, Best 
N.E. Coast 
Rivets 


Common Bars 
Lancashire 
Crown Bars 
Rs ae wie £10 10 
Midlands 
Crown Bars.. £8 0 
Marked Bars. .....cccccec. 
Unmarked Bars ........... 
Nut and Bolt 
ae 
Gas Strip 
S. Yorks 
Best Bars 10 15 
Hoops 12 0 


PHOSPHOR BRONZE. 

*Bars, *‘ Tank’ brand, 1 in. dia. 

and upwards—Solid 
TE SE sasasennksownues 
TStrip 
tSheet to 10 W.G. 
tWire 
tRods 
+tTubes 
+Castings 
10% Phos. Cop. £30 above B.S. 
115% Phos. Cop. £35 above B.S. 
tPhos. Tin (5%) £30 above English Ingots. 


PIG IRON. 
Scotland 
Hematite M/Nos. ........ 
Foundry No. 1 
” No. 3 
N.E. Coast 
Hematite No. 


Forge 
Midlands 

N. Staffs Forge No. 4 
Foundry No. 3... 


oo SOAanaocem 


Northants 
Foundry No. 1 
Forge No. 4 
Foundry No. 3 
Derbyshire Forge 
Foundry No. 
Foundry No. 3.... 
West Coast Hematite ........ 4 0 
East a = 


SWEDISH CHARCOAL IRON 
AND STEEL. 
Kr. per English ton @ 18-16 to £1 
approximately. 
Pig Iron Kr. 92 
Billets Kr. 230-290 £12 13 4-£16 0 0 
Wire Rods Kr. 265-320 £14 12 6-£17 12 6 
Rolled Bars (dead soft) 
Kr. 185-210 £10 4 O-£11 il O 
Rolled Charcoal Iron Bars 
Kr. 290 16 0 0 
All per English ton, f.o.b, Gothenburg. 


COSaS 


~~ 


§ Prices quoted Nov. 13, ex warehouse. 


+ C. Clifford & Son, Ltd., quoted Nov. 13. ¢t Murex Limited, quoted 


SCRAP METAL. 


Copper Clean 
” Braziery 


” 


Brass 


Aluminium Cuttings 
Lead 
Heavy Steel— 
S. Wales 
Scotland 
Cleveland 
Cast Iron 
Midlands 


eooocooo! oo 


bo bo bo 


bo bo bo 


Cleveland 
Steel Turnings 

Cleveland 

0 EEE ee ee 
Cast Iron Borings 

Cleveland 

Scotland 


— 


SPELTER. 
G.O.B. Official 


Ship, Bridge, and Tank Plates 
Scotland 
North-East Coast 
err 
Boiler Plates (Land), Scotland . . 
(Marine) ,, 
i » (Land), N.E. 
o »» (Marine) 
Angles, Scotland 
bs North-East Coast 
in PEE ceva Ciawataws 
PN pct eenesineAoakawnded de 
Heavy Rails 


” ” 


Yoast 10 


emt pms 
aocousi-i~1 


— 


Light Rails 

Sheffield 
Siemens Acid Billets........ 
Hard Basic ....£8 2 6 and 
Medium Basic. .£6 12 6 and 
Soft Basic ... 6 
Hoops 9 

Manchester 


— 
Vow nw res 


—_— 


0 to 10 


ac 


HIGH SPEED TOOL STEEL. 


Finished Bars 14% Tungsten .. lb. 2/ 

Finished Bars 18% Tungsten .. ,, 
Extras 

Round and Squares, }in. to } in. 

Under jin. to jin. .......... 

Round and Squares 3in. ...... 

Flats under lin. X } in. 

sin. X fin. 


” ” 


Standard Cash 

English 

Australian 

Eastern 

Tin Plates I.C. 20 x 14 box 


English Sheets 

Rods 

Battery Plates 

BE PB 86k icccsccsces 


Nov. 


Buyers are advised to send inquiries for current prices. 





